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the Army, Washingtom 25, D, C.

FOR THE CHIEF OF RESEARCH AND DEVELOPMENT:

Lt

C. W. CLARK
Maior Censral, GS
Director of Army Research

DISTRIZUTION:
One copy to each conferee
Arvy: ASA(RSD) (2); DCSOPS (5); DCSPER (5); DCSLOG (2); TAG (2); AMC {75);
CDC (20)3 OPO (5); TSG (5); USCONARC (20); COFENGRS (5); USA Limited War
Lab."(3); USA Rsch 0 (D) (3); USA R&D Gp (Zurope) (3); USA R&D Gp (Far EKast)
(3); USA Elm, Def Rach O, Latin America (2); USAPRO (5); Navy: ORR (5,;
Alv Porce: DCS/R&T, D/R (5); Misc: DDRSX (3); RAC (3); HumRzO (10); SORO (2);
DASA (2); WWC (2); ICAF (2); ASTIIA (10); AFEB (2)




O

e

sy

s

'

-

e p—

Chapter

THE INFANTRYMAN - INVINCIBILITY ON THE BATTLEVIELD
REPORT OF THY'
EIGHTH ANNUAL ARMY HUMAN FACTORS ENGINKERING CONFERENCE
16-19 October 1962 -

U. S. Army Infantry. Center.
Fort Benning, Georgia

TABLE OF CONTENTS

Foreword and Transmittal: Major General Chester W. Clark; Director Army Reseaxch

Office

1. INTRODUCTION AND CONFERENCE SEHSION 1

A,

B,

D.

E.

BACKGROUND. . . 4 ¢ s e ceseevavossscesssaneoscnscse

WELCOME: Major General Ben Harrell; Commanding General, U. S,
Army Infantry Center and Comunandant, U, S, Army Infantry School,
Fort Benning, Georgia, ¢ o o o v e e e v e e voeno’oonogaesn

KEYNOTE ADDRESS: Lieutenant (ieneral John P. Daley; Conunanding
General, U, 5. Army Combat Developments Command, Fort Belvoir,

Virgimiae o o c o e ot o v ooseoacoaacncnocccnisassa

INFANTRY DOCTRINE AND CONCEPTS: Colonel Walter D. Short; U, S,
Army Infantry School, Fort Benning, Georgia o oo e e o e 00 v e s -

BANQUET ADDRESS: Major Geneval Ben Harrell; Commanding General,
U, S. Army Infantry Cunter, Fort Benning, Georgiz, o o o 0 o ¢ 0 = o

2. CONFERENCE SESSION Ii-A

A,

3

EVALUATING PROFICIENCY IN THE USE AND MAINTENANCE OF
INFANTRY WEAPONS Thomas F, Nichols and Joseph S, Ward;
U, S. Army Infantry Human Research Umt, Fort Benning. Georgia. . .

INDIVIDUAL CBR PROTECTIVE CLOTHING UNDER SIMULATED COM-
BAT CONDITIONS: Edmund G. Cummings; U. S, Army Chemical
R&D Laboratories, Army Chemical Center, Maryland. ¢ o o o o . . &

EXPERIMENTAL DESIGN FOR USER REVIEW OF CAMOUFLAGE FOR
THE INDIVIDUAL COMBAT SOLDIER: A. H, Humphreyl and Davad L.
Gee; U, S, Army Engincer Research and D
FonBelvoxr,ergmia..........................

HUMAN FACTORS AFFECTING RIFLE ACCURACY IN AUTOAND SEMI-
AUTOMATIC FIRE (Abstract): James P, Torre,Jr,; U,S,Army Human
Engi ing Lab 1 Aberdeen Proving Ground, Maryland . . .

OPERATIONAL ASPECTS OF INCAPACITATING AGENT BZ (Abstract):
Richard S.Kneisel; U. S, Army Chemical Corps School, Fort McClellan,

AlQDAM2 o v c v v et e v s s s e v oo vevesssosnccaccss

MANAGEMENT OF THE U. S, ARMY HUMAN FACTORS ENGINEERING
PkOGRAM FOR THE PERSHING WEAFON SYSTEM: John R, Erickson;
U, S, Army Human Engineering Laboratories, Aberdeen Proving Ground,

Mazyland . ¢ ¢ ¢ o ¢ o v s 6o s v e e o v oo s socvscocssesse

CONFERENCE SESSION iI-B

A, AN EXPERIMENT IN QMC SYSTEMS RE‘EARCH- A, Levin; U, S. Army

Quartermaster R h and d, Natick, )
chusetts

D I IR I R I R I RIS R AR PP SRR

g3t

Page

17

23

27

39

62

63

64

7n

T




>

TABLE OF CONTENTS--Cont'd

B. EFFECTS OF ATMOSPHERIC NOISE LEVEL AND WORK METHODS ON
RADIO TELEPHONE MESSAGE TRANSCRIPTION. Anthony E Castel-
novo, U, S. Army Personnel Research Office, Washington, D. C. . . .

C. CONSTRUCTION EQUIPMENT DESIGN RECOMMENDATIONS TO IM-
FROVE OPERATOR'S AND MAINTENANCE MEN'S VOCATIONS:
Elmer A, Kemp, Chairman of SAE, CIMTC Subcommittee XVII -
Human ENGINECTME & ¢ 4 v v e 4 o s o s v s s s s s s o s oo s noas

D. AN EVALUATION OF PHOTO DISPLAY MODES FOR EXTRACTION OF
INTELLIGENCE INFORMATION: Abrakam H. Birnbaum, U. S. Army
Personnel Research Office, Washington, D. C. .. . oo v 4 v v n s

E. HUMAN FACTORS EVALUATION OF MASK, ANTI-FLASH, ROCKET
LAUNCHER, M19: Sarnuel E. Jackson and Major Ernest R. Clowis,
MSC; U.S. Army Chemical R&D Lab ies, Army Chemical Center,
Maryland o o ¢ v v o v i m o e vt e s s e e e s et

F., THE DISPLAY EVALUATIVE INDEX: A. 1. Siegel, W. Miehle, and

P, Federman; Applied Psychological Services, Wayne, Pennsylvania .
CONFERENCE SESSION HII-A

A. THE ASSESSMENT OF BUMAN FACTORS IN LAND NAVIGATIONAL
ABILITY: Theodore R. Powers; U. S. Army Infantry Human Research
Unit, Fort Benning, Georgia . . ¢ o v v v v v v e v s o v v o o oo

B. PROBLEMS IN THE DESIGN OF AN ARTICULATED ARMOR VEST USING
RIGID COMPONENTS: Edward R. Barron; U. S. Army Quartermaster
Research and Engineering Command, Natick, Massachusetts . . . . .

C. DESIGN AND DEVELOPMENT OF GLOVES: Herman Madnick; U. S.
Army Quartermaster Research and Ergineering (ommand, Natick,
Massachusetts . . . . . . 0 i it e et vt i e an e

D. LIMB SENSITIVITY TO TRIPWIRES; Gino R, DeTogn: and Paul S, Strauss;
Picatinny Arsenal, Dover, New Jersey . . . « o v v o o v e v v s 0 oo

E. A SURVEY OF THE EFFECTS OF LOADCARRYING AND EQUIPMENT
DESIGN UPON TASKS PERFORMED BY THE COMBAT INFANTRY-
MAN: Martin A. Tolcott and Morris Kolnicker; Dunlap and Associates,
Inc., Stamford, Connecticut. . + v v v ¢ v 4 o o n v s ¢ o 00 v v uos

CONFERENCE SESSION III-B

A. THE RHESUS MONKEY IN HEARING LOSS RESEARCH: John J. Romba;
U. S. Army Human Engineering Laboratories, Aberdeen Proving
Ground, Maryland . . ¢t i i o it e i e et e e e e e e

B. AN EXPERIMENTAIL STUDY OF AURAL DETECTION OF RADAR TAR-
GETS: Robert T. McCay and Jack Wm Dunlap; Dunlap and Associates,
Inc., Stamford, Connecticut . . . ¢ . v vt vt e v v n s e s e

95

100

106

110

117

122

141

15}

155

163

172

PANEL ON TACTICAL ASPECTS OF SOUND, consisting of the following ~

presentations:

C. NOISE AND WEAPON SYSTEMS: Ray Donley, U. S, Army Human Engi-
neering Laboratories, Aberdeen Proving Ground, Maryland. . .. . .

D. BASIC RESEARCH IN HEARING APPLIED TO FIELD PROBLEMS: Major
John L. Fletcher, MSC; U. S. Army Medical Rescarch Laboratory,
FortKnox, Kentucky . « . v v v v o e v vt ovrnoucounnoasss

iv

183

195




Chapter

E,

F.

TABLE OF CONTENTS--Cont'd

STUDIES OF TEMPORARY THRESHOLD SHIFT CAUSED BY HICH IN-
TENSITY ACOUSTIC TRANSIENTS Norman L. Carter and Karl D.
Kryter, Bolt Beranek and Newman, Inc., Cambridge, Massachusetts.

PANEL SUMMARY- Dr. Aram Glorig, Director of Research, American
Academy ot Ophthalmology and Otolaryrgology, Los Angeles, Califorma

6. CONFERENCE SESSION IV

Al

B,

THE ENGINEERING OF TRAINING Meredith P. Crawford, Director,
Human Resources Rescarch Officc of The George Washington Univer-
sity, Washangton, D. €. v v i v v v o ot i s ot i s e e e

COMPUTER SIMULATION IN HUMAN FACTORS RESEARCH Lee W.
Gregg, Carnegie Institute cof Technology, Putsburgh, Pennsylvama, . .

APPENDICES

1

u

Roster of CONErees o . . i v v v vt v n n st o o vt s s e n s mae

Current Work P: :rams, Bibliographies and Biographical Directories of

Professionzl Personnel of Hume Engineering Activaities of U, S, Army
Agencies

U. S, Army Chemical Research and Development Laboratories , . . .. .

U. S. Army Engineer, Geodesy, Intelligence, and Mapping Researxch and
Deveiopment £ 2NCY o v v o s v s s o s s s o v m aa e o a e

U. S. Army Engineer Research and Deveclopment Laboratories . . . . . .

U. S. Army Human Engineering Laboratories and Former Ordnance
ATsSenals . . v i v i it e it et e e e e e e

U, S. Army Medical SexviCe. v v v v v v o o vt v 0 a0 s a s s v owana

U. 5. Army Quartermaster Tood and Container Institute for the Armed

FOTCES & e v vt e o v et v oo v oot o a s euocasonsaanaoes
U. S. Army Quartermaster Research and Enginecring Command . . . ., .

U. S. Army Quartermaster Research and Engineering Field Evaluation
AGENCY 4 o v v v s s s 4 e e s v e e s et e s e e

U. S. Army Signal Research and Development Laboratory. . . .+ . . . .

U. S. Army Transportation Research and Engineering Command . , . . .

[=1

. S. Army Board for Aviation Accident Research. . . . . . v v s v s o™
U. S. Army Personnel Rescarch Office. o v v v v o vt v v n v s o a e

Human Resources ResearchOffiCe & v s v v v v v v ot a n v annosan

Fage

260

231

235

241

251

263

266

267

270

288

500

303




CHAPTER 1
INTRODUCTION
AND
CONFERENCE SESSION |

BACKGROUND

WELCOME Major General Ben Harrell, Commanding General, U.S. Army Infantry
Center and Commandant, U.S. Army Infantry School, Fort Benning, Georgia

KEYNOTE ADDRESS Lieutenant General John P Daley, Commanding General, U.S.
Army Coribat Developments Command, Fort Belvorr, Virginia

INFANTRY DOCTRINE AND CONCEPTS Colcnel Walter D. Short, U.S, Army Infantry
School, Fort Benning, Georgia

BANQUET ADDRESS., Major General Ben Harrell, Commanding General, U.S. Army
Infantry Center, Fort Benning, Georgia




THE INFARTRYMAN - INVINC:BILITY ON THE BATTLEFIELD
REPORT OF THE
EIGHTH ANNUAL ARMY HiMAN FACTORS ENGINEERING CONFERENCE
16-19 October 1962

U. S. Army Infantry Center
Fort Benning, Georgia

CHAPTER 1. INTRODUCTION

A. BACKGROUND

Ref-rences

2 Conference Report, ‘‘Army Human
Engineering Conference,”’ The Pentagon, 14-
15 December 1955

L. Report, ‘‘Second Annual Army En-
gineering  Psychology Conference,”” Army
Medical Research Laboratory, Fort Knox,
Kentucky, 7-9 Novemter 1956,

¢ Report, “‘Third Annual Army Hurman
Factors Engineering Conference,’’ Quarter-
master Research and Engimneering Command,
Natick, Massachusetts, 2- 4 October 1957.

d. Report, “‘Fourth Antual Army Human
Factors Engineering Conference,”” U. S.
Army Chemical Center, Marylasr 4, 9-11S5ep-
tember 1958

e. Report, ‘‘Fifth Annual Army Human
Factors Engmneering Conference,’’ Redstone
Arsenal, Alabama, 22-24 September 1959.

f, Repor:, ‘‘Sixth Annual Army Human
Factors Engineering Conference,”” FortBel-
voir, Vargimia, 3-6 October 1960

g. Report, ‘‘Seventh Annual Army Human
Factors Engineering Conference,’” Univer-
sity of Michigan, 3-6 October 1961

h Army Regulation 70-8, ‘‘Researchand
Development, Human Factors Research,””
1 July 1958,

of the Confer-

)% ship and Pl
enge

The Annual U, S, Army Human Factors
Engineexing Conference 1s sponsored by the
Chief of Research and Development, {OCRD)
Department of the Army. Seven such Annual
Conferences have previously been held and
are reported in references a, b, ¢, 4, € £,
and g.

Ta accordance with references, planning
for the Conference, as well as follow-up of
its suggestions and recommendations, 1$ ac-
comphished by a U. S, Army Human Factors
Engineering Commattee {AHFEC). TheCom-
mittee has been d of repr atives

participant observers (without vote), fromthe
Y. S. Army Personnel Research Office, a
Class II activaity under the jumsdiction of
OCRD, the Human Resources Research Of-
fice (HumRRO), of The George Washington
Umversity, the U, S. Army Board for Aviation
Accident Research (USABAAR) and the Army
Participation Group at the U, S, Naval Tran-
ing Device Center (USNTDC) The member-
ship of AHFEC will be changed 1in the near
future to reflect the recent reorganizational
of the Army.

Purposes of the Conference are

a. To provide direct exchange of infor-
maticn on human factors engineering among
personnel of U, S, Army development agen-
cies, and between these and representatives
of user agencies and other qualified mdivid-
uals.,

b. To provide recommendatiors and sug-
gestions to be followed up by the U, ", Army
Human Factors Engineering Committee to
assure exploitation of all opportunities for
improving man-machine compatibilaty in the
desagn of U, S, Army materiel,

c. To prende a Conference Report which
will serve as a useful, authoritative, and
complete compendium of current work pro-
grams and related information concermng
all U, S. Army humanfactors engineering re-
search and development activities,

Followin the invocation by Colonel Silas
E. DecFer, Post Chaplain, the Eaghth Annual
Conference wes called to order in Theater
Number 1, Fort Benmng, Georgia, at 0900
hours, 17 October 1962, by the General Con-
ference Chairman, Dr, LynnE Baker, Scien-
tific Advisor, Human Factors Research D1
vision, Office of the Chef of Research and
Development, Department ofthe Army Reg-
1stration of the conferees was accomplished
1500-220% hours on 16 October attheSalesno
Mess Ballets where the majoraty of the con-
ferees were quartered.

Major General Ben Harrell, Commanding

of the Chief of Research and Development
(Chairman), the U, S. Continental Army Com-
mand, and each of the U. S. Army Technical
Services. inadditiontotheabove representa-
tion directed by reference h, the Commattee
has been augmented since 1960 by regular

General, U. 5. Army Infantry Center and
Commandant, U. S. Army Infantry School,
welcomed the conferees and put the facihities
of the Post at the disposal of the conference.
The keynote address was delavered by Lieu-
tenant General John P Daley, Commanding




General, U, S, Army Combat Developments
Command. General Daley emphasized the
urgent need for human factors engineeringon
the clothing and equpment of the .ombat
Infantryman

1' e Conference Banquet was held at the
Fort Benming Main Off.cers Open Mess at
1830 hours, 17 October, The After Dinner
Address was given by Major GeneralHarrell
who stressed the Infantryman’s role in the
Army’s over-all mission and gave a colorful
summary of Fort Benning and its functions
and facilities. ¥ ollowing General Harrell's
remarks the conferees were entertained by
the Infantry Chorus.

During the seco d day of the Conference,
Fort Benming personnel put on a series of
demonstrations to highlight the tramring,
activitics, weapons and equipment of the
Infantry soldier. The field demonstrations
included orientations on airborne, ranger,
and lcadership traiming, on river crossing
techniques, on capabilities and limitations of
ground mobility means, and on the display
and firing of all weapons of the infantry
battle group and brigade. These demonstra-
tions were highly professional, sophisticated,
and extremely well received by the conferees

Acknowledgements

This Conterence extends to its hosts, the
U. S. Aim, Infantry Center and the U. S,
Army Infantry School and to Major General
Ben Harrell, the Commanding General cfour
host ag our appr tion and congratu-
lations for the outstanding manner in which
the Conference was planned and conducted,

Specifically, the Ccnference wishes to
record its appreciation to the following who
toiled diligently for osur comfort and con-
vemence*

To Major George R. Henderson, G-3
Section, U, S, Army Infantry Center, for the
excellent pl and the ding prep-
arations for the Conference.

To Major Joseph Hall, G-3 Section, U. S,
Army lafantry Center, who so effectively

guided the execution of the plans during tne
Conference

To 1st Lieutenant Edward J. Shanahan,
Jr, G-3 Section, U. S, Army Infantry Center
who person>lly arranged the many adminis-
trative matiers of the Conference and who
was constantly in attendance as a gracious
representative of our hosts.

To Major Paul Schultz, Office of the
Provost Macshal, U, S, Army Infantry Center,
who served in an exceptionally fine manner
as our Senior Guide Officer,

To Master Secgeant John Kirkland, 72d
Enginesr Company, lst Infantrv Brigade,
for his excellent and flawless service as our
Chief Clerk,

Ad ournment
The Conference adjourned at 1410 hours
on 19 October 1962.

Forecast for 1963

The Annual Army Human Factors En-
gineering Conference now has a hstory of
eight successful years. There are numerous
indications that this series of eyght con-
ferences has contributed measurably to the
maturat.on of the human factors engineering
program: within the Army., Under the recent
reorganization of the Army, the Army’s hy-
man factors engineering activities were con-
vemently and efficiently consolidated within
the newly formed Army Materiel Command.
Throughout the course of the past eight con-
ferences, the scope of the conference has
been steadily broadened to include research
from other human factors groaps not specif-
ically engaged in human factors engineering,
This procedure has promoted recogmition of
the interrelation of the varied human factors
endeavors. Therefore, in view of past suc-
cess and the existing propatious circum-
stances, the scope of the minth conference,
to be held in 1963, will be expanded to en-
compass the entire Army humanfactors pro-
gram It is planned that the conference in
1963 wall, in fact, be an Army Human
Factors Research and Development Confer-
ence.




B. WELCOMING REMARKS TO THE EIGHTH ANNUAL ARMY HUMAN FACTORS ENGINEER-
ING CONFERENCE by Major General Ben Harrell, Commanding General, U. 8. Army
Infantry Center and Commanding General, U, S, Army Infantry School, Ft Benning, Georgia

Dr. Baker ... Genezal Daley ... and
Delegates to the 8th Annual Army Human
Factors Engincering Conference

It 1s a real pleasure for all of us at Fort
Benyung to have as our guests such a dis-
tanguished and important group of visitors
And, I extend to each of youour very warmest
welcome! Our entire Post and ats facilities
are at your disposal, and we sincerely hope
that your wisit wilt be enjoyable as well as
professionally profitable. We rarely have
the opportumty of meeting with a group that
15 so influential 1n deveioping the Infantry-
man’s Weapons and Equipment.

The theme of this Conference - “The In-
fantryman, Invincibiluty on the Battlefield” -
185 especially meamngful tous at Fort Bennming.
in fact, it’s the theme we live by 365 days of
the year. We know that Infantry 1s the very
core of our Army's combat strength, We
know from pr st eaperience that the doughboy
always c¢ai-ies the brumt of the Army's
fighting and suffers the highest casualties.
His )ob 13 the dirtiest, the hardest, and often
the least recogmzed. Further, he mast be
prepared to fight anywhere inthe world under
any conditions of weather or terrain. He
must be orgamzed, equpped, and trained to
play 2 major role in any kind of war, from
guerniila war to unrestricted nuclear war-
fare, It 1s pr 1v for these r that
everyone at Fori Benning, considers your
conference so important,

Following General Daley’s address this
morning you will hear a 1ot more about the
modern-day Infantry from Colonel Short of
the Infantry School. This mornming i would
hike to spend the next few moments telling
you about Fort Benning and some of ats
various functions and facihities.

Fort Benmng 1s the hub of Infantry activ-
ity and the fountainhead of Infantry knowledge
within the U, S. Army. It1s the home of the
Infantry Center, the Infantry School, and the
2d Infantry Divasion. The Infantry Center
supports the Infant.y Scheol and the entire

plex at Fort B g, It f hes all of
the gervices for a mhtary community of
over 70,000 personnel, which includes sol-
diers and their families. In addition, 1t pro-
vides the mantenance and upkeep of all the
facihitics of the 183,000 acre reservation,

velopments Agency The Infantry Board s
responsible for evaluating and making rec-
ommendations on Infantry weapons, clothing
and equipment, and other items under de-
velopment. They are the ones who see how
well you've done ybur work as design engl-
neers The Infantry Combats Developments
Agency, 2 subordinate element of General
Daley’s Combat Development Cormmand, 18
also here The CDA, as we call 1t, 15 con-
cerned with how the Infantry wiil be equipped
and orgamzed, and how it will fight 1n the
6 tore,

I'm sure you are aware that the Infantry
Himan Research Umt 1s located at Fort
Benning, This Unit conducts psychologicaland
sociological studies to gather data relative to
training methods applying to the Iniantry.

We have many other orgamzations here,
such as the lst Brigade, and tae 151st
Engineer Group, the Lawson Army Aviation
Commard, and Martin Army Hospital, But
our most sigmficant activity, to my mand, 18
the Infantry School,

It 1s here that we tramn the leaders and
men of the Infantry. Thisisthelargest mal:-
tary traiming nstitution of its kind 1n the
world, In effect, it 18 a vast proving ground
where Infantry Officers and Noncommassioned
officers are made, tramned and tested. Last
year we had over 20 thousand resident stu-
dents attending 16 different courscs of in-
struction. Incluged in this number were over
472 Allied students from 49 d.ferent coun-
tries. These courses include branchtraining
for Infantry officers, advanced courses for
Infantry leaders, and specialist courses such
as Ranger, Airborne, Communications, and
Weapons traming. Officer Candidate traimng
for prospective second Licutenants of Infantry
1s one of the most important functions of the
School, We also supported more than 275
thousand nonresident students from the Re«
serve Components and ROTC.

Cur actiities compare to those of alarge
university. The Infantry Scheol employs the
most modern teaching methods and tech-
miques, and the facilities of Fort Benning 3rc
unmatched anywhere in the world for Com-
pined Arms traiming. Our students from
Allied mations come from as far away as
Ethiopia and Indonesia, primarily to study
our methods and to use themantheir mihtary

ool

The famed 2d Infantry Divi , come-
manded by Brigadiex General Bilingsiea, is
stationed here. This organization of 15,000
mexn 1s 2 highly trained, combat-ready di-
vision prepared now for any task that might
contzont us. It also yenders valyable assist-
ance to the Infantry School.

Also located at Fort Bennming arethe U, S,
Army Infantry Board and the Combat De-

In many ways our work here at Fort
Benning 18 very similar to yours. Our
prumary concern i with mep and their per-
formance as members of Combat teams, 0f
course, we are concerned with eq t
particularly that used by the Infantry soldier,
for nis equipment and weapons must be the
best available.




And since you are the people who can get
us that good usable egquipment, we are
doubly happy to welcome youtoFort Benning,
Wkile you are here we axe going to show you
what Infantry does. We have arranged your
schedule s0 you can see at least some of the
various types of traimmng conducted by the
Scnool., During these demonstrations I hope
that yca will notice the very high level of
professional skill possessed by the Infantry-
men who conduct them.

{ hope you will leave Fort Benmng with a
clearer picture of the importance of the
ground soldier and the vital role he always
plays 1n any kind of war. I hope, too, that
you will leave with rencwed conviction of the
importance of Human Factors Engineeringas
1t apphes to the Infantry soldier.

Again, welcome to Fort Benniuy, I hope
your stay will be pleasant and profitable and
that this Conference will be an outstanding
success,




General Harrell, Dr. Baker, Members of
the Human Factors Engineering Conference.

It 13 particularly appropriate that we
mee* here at Fort Benmng, the home of U, S,
Iufantrymen, and, indeed, the greatest In-
fantry Center of the Free Worid., It a1s
peculiarly appropriate becausc the theme of
this conference is the Combat lnfantryman,

In words the theme of the conference 1s
expressed as ‘‘Infantryman - Invincibility on
the Battlefield,”’ If you and I are to tarn our
attention, as we must, to help this man in
his task, we must understand that task ex-
plicatly. Stated an Field Manual, 100.5, Field
Service Regulations, this man’s function 1s
as follows

‘78, Infantry Function

““a, The basic infantry functionis
to close with and destroy the enemy by
fire and .naneuver and shock action The
essential characteristic of infantry close
:ombat elements 1s the ability to faght on
foot in all types of terrain and under all
conditions of weather, coupled with the
ability to move and fight with any means
of mobility provided, either organic or
attached.”’

To set this conference in perspective, I
would like to look from the infantryman's
task to yours, Your task as defined in Army
Regulations is as follows,

‘“Human Factors Engineering—The
application of scientifaic principles con-
cerning human physicaland psychnlog:cal
characteristics to the design of equip-
ment, $0 as to increase speed and pre-
cizion of operat
maintenance efl:c:ency. reduce fatigue
and simphify operations.””

Paraphrased then, the purpose of your
task as related to infantry is simply.

Design equipment:

to increase the speedand precision

of infantry operations,
to provaide maximum maintenance

efficiency for the mfamry,

to reduce the infantryman's fangue.

and to hify infantry op
1 propose this mormng to explain to you
brisfly the Combat Developments Command
and how we 1n Combat Developments attempt
to provide the Infaniryman the wherewithalto
perform his functions, Secondly, I propose

to poiat out to you some of the things which
you can do to assist this man,

Many years ago, Cato, the RomanSenator,
speech with thesa words-
He demon-

ended every
“Carthage must be destroyed.’’

C. KEYNOTE ADDRESS by Lieutenant General John P, Daley, Commanding General, U. S,
Army Combat Developments Command, Fori Belvorr, Virglma

strated the value ¢f repetition in or out of
context. It 18 a lesson ! have learned,

In everv speech I moke I keep driving
home to svery captive audience the fact that
the mission of the Combat Developments
C d can be @ up 1in these three
questions

How should tae Army be organized?
How should the Army be equipped?
How should the Army fight”

1 have at each Army school 2 CD Agency
and here at Fort Benmng I have the Infantry
Combat Develop s Agency
Colonel Eckland, whose task can be equaily
simply expressed How should the Infantry
be orgamized?” How should the Infantry be
equipped? and How should the Infantry fight?

We in Lombat Developments answer the
question, How to orgamize umts?, by pro-
ducing Tables of Orgamzation and Equip-
ment. We answer the question on how to
fight by producing Field Manuals. It 1s the
third question that 1s of most interest to you
conferees. How should the Army be equipped?
We in the Combat Developments Command
produce the Qualitative Materiel Require-
ments, QMR’s which state indetailthe equip-
ment needed—in this case the equipment
needed by Infantry, If you havenever studied
a Qualitative Materiel Requirement, 1 sug-
gest you do so because in effect it is the
contract between the Combat Develc .ments
Command and the Army Materiel Command
for a piece of nquipment, and 2 part of that
contract 18 a statement of the human factors
which must be considered in producing the
equipment. This 1s the first opportumty for
human factors engineering tonflusnce equip-
ment design, For example, here “sthe state-
ment taken from a Typical QMR

Extract from QMR for Lightweight, Self-
Propelied 155mm Howitzer

‘10, (U) Human Engineering Character-

istics. Human engmeenng is required toin-

sure eff of the pon for

extended periods ' of time wathout undue fat 1gue
of the crew. Specafically

a. (Essential) Provasions forthe crew
to mount and dismount easily and saiely are
required, Seating, hard holds and facibraces
are required for safety and comfort of per-
sonnel riding on the weapon while nygotiating
rough terrain. Provision shoulu be made
(seat belts) to enable penonnel to operate

idual P for defi whale on the
move,

b. (Essential) The driver compart-
ment should provide maximum room fcr the
driver to prevent fatigue from cramped
quarters even while wearing arctic clothing.




An adjustable scat (with safety belt) is re-
quired Instruments and controls should be
visible and accessible to the driver through-
out tr.e adjusiment range of the seat.

c. {Essential} Al dials, gauges, le-
vers, control buttons, hand-wheels, etc,,
should be located to be easily read-operated
by tie indivadual required to control such
items from his normal operating position,

d, * % % %k ¥ K,

e, * ¥k k x x %

The following are several examples of
human factors 1ng specificat
taken from the Gombat Developments Ob-
jective Guide. As you can see, one of these

les does not specify very much con-
cermng the precise human engineering inputs
which are required.

a, Reference CDOGParagraph238d(l) -
Foxhole Digger (U)

¥ X k KX X kK K X X ¥ & % %k %X

10. (V) Human Engineering Charac-
teristics,

a, The device shall be of opti-
mum simphcity in design and operation re-
quiring the raimmum human effort and in-
telligence in :ts operation.

b. The soldier should not require
any external assistance in handhing andusing
to: devace.

¢. Environmental factors in-
duced by the operatioa of the device should
be within the requirements set forth in the
performance and physical characteristics,

* Xk X kX k%X X ¥ X X ¥ ¥ ¥

b. Reference. CDOG Paragraph
2375(10) Heavy Assault Weapon System {U)

* ok ¥ K ok ¥ X k k%X X % & »
3s, {U) Human Factors En-
gineering, Design in conformity with human
factors engineering principles is required.
More specxfn: guidance on human factors en-
be ished after the sy
is better defaned,
£ ET K FE KK E X T & KK

¢. Reference: CDOG Paragraph
237a(5) - Special Purpase Individual Weapon

* %X XX X KX XK ¥ * %

16. (U) Hun
Human engineering 18 requ ..
* X X X X X X X ¥ X KX KX

We produce QMR'S as a result of studass
which are coordmated between the various
Combat Devel for
between the Infantry. the Ordnance, the S:gnal,
and which 1n turn reflect lateral coordination
wath agencies of the Army Materiel Command,
for example, with the Infantry Board or with
the Munitions Command. By this coordination
we attempt to insure that there is a proper
statement of the requirement for human

dineering.

factors engincering. It 1s here that those of
you connected with either the Combat De-
velopments Coinmand or the Army Materiel
Command can first directly effect the ade-
quacy of human engineering. You can make
certain that an adequate statement of the re-
quired human factors engineering appears
in the QMR,

When a Qualitatave Materiel Require-
ment 13 app d by the Dep ent of the
Army and becomes an active project withthe
Army Materiel Commaind, then those of you
working in the laboratories, arsenals, and
other facilities of that command have a
chance to directly affect the design of the
equipment,

It 13 my hops that your visit here today
and the demorstrations youwill see tomorrow
will make your Human Factors Engineering
more realistic since you wall have a better
picture of the tasks facing the Infantry and
the environment in which the Infantryman
works.

1 sometimes think that in our entrance-
ment with Human Factors Engineering for
major pieces of ¢quipment, we¢ have pertaps
neglected our duty with respecttothe simple,
reliable, rugged, usually man-portable equip-
ment that our Infantryman needs and de-
serves,

Several weeks agoat our Combat Develop-
ments Experimentation Center at Fort Ord,
I asked an Infantryinan who was charged with
manmng a small ground-search radar what
he would change about the equipment if he
could. The answer was qute frank: ‘“Gen-
eral, it’s got about six knobs onit. That’s
too many knobs to work from a iox hole, I
think two would probably do.”’ Quite frankly,
gentlemen, this is a case of poor Human
Factors Engineering. But with infantry e-
.upment the task you face 1s really not

- .n that complex, because that radar is

.tamnly as complex a piece of equipment
a. one would expect an Infantryman to have
1n the fore-front of the battle,

1 suggest that we could afford some Hu-
man Factors Engineering, starting wiih the
heel of the Infartryman’s boot and stopping
wath the cap on his head. Itis an unfortunate
fact that we still send the Infantryman out to
battle loaded with equipment which is too
heavy, too bulky, not satisfactorily human
engineered.

About a year ago in Mannheim, Germany,
we loaded down alieutenant withallthe equip-
ment he was supposed to carry. It was quite
a sight. Thappenedtobethe G-3 of USAREUR
at the time. I took one look, turned to the
G-1, General Lindeman, and said, "Obv:ously
it is not an equipment problem. Itis a per-,
sonnel problem, Weneed bigger heutenants.
Unfoxrcunately, gentlemen, the prod of
bigger licutenants falls in the very long-
range develoPment cycle and we should do
things to help today’s “afantry.




1 would like you gentlemen to Study the
aquipment that veu will see the Infantry here
.t Fort Benning use in a battlefield environ-
ment. 1 urge you, indivadually and collec-
tively, to consiuder whether or not there is
any means for lighteming the load that man
carries, An ounce reduced here and a pound
there can make a great deal of dafference to
the man who fights on foot, Ask yourself if
all the ders of modern technology cannot
in some way reduce the load the Infantry
carries, Ask yourself such simple questions
as whether or not the Army's canteen is
actually human engineered. Frankly, I doubt
it

The keynote to this confvrence 1s the
Infantryman-Invizcibility con the Battlefield,
The challenge to you, gentlemen, 1stoassure
that we have engineered that Infastryman’s
equipment for the Infantryman and have not
traed to engineer the Infantryman for the
equipment, In other words, your challenge
is to mnsure that that Infartryman, when he
goes 1nto battle, has the support of every bit
of engineering 2nd scientific know-how that
this conntry can producs, Ifyoudoyourtask,
then in a small way youcan sharein the glory
of the Invincible Umited States Infantry; the
best human factors engineering {or the finest
infantrv in the world--the U.S. Army Infantry.




D. INFANTRY DOCTRINE AND CONCEPTS by Colonel Walter D. Short, U, S, Army Infantry

School, Fort Benning, Georgia

The Infantry welcomes the opportumty
provided by this conference to put its views
to you. General Decker, our former Army
Chief of Staff, says concerning mater:el de-
sign ‘hat, ““It 1s the responsibihity of the
combat arms to establish requirements that
embody the desired standards of simplicity
and to de=mand that these standards be
followed. Simplicity and directness arehall-
marks of bat effect th are
evidence of constructive imagmnation and
thought, they indicate insight into the heart
of the military problem.”” Therefore, weare
2lso most interested in your views and the
items on your agenda, I realize thatthe title
of this talk should more appropriately bave
been ‘“rfantry Psychological Patterns and
the Ph <ena of 1ts Conceptaal Response’’
an the ligat of your scientific sophisticatiorn,
but perhaps you will be able to find a few
technical terms as we progress,

During the next 50 some minutes, I pro-
pose to discuss with you the m:ssions of the
Infantry, and to our org: i 1
structures, Therecafter, we will see the
general manner of the Infantryman’s tactical
opec .ations that you may better vasualize the
environments in which he must operate.
From this we will proceed to outhine some of
our equip t defici where p P
you will be able to help us, and then we wall
examine the problems which we consider
remain to be solved in regazd to our organi-
zations and their support.

As an nstrument of war the iniantryman
has been declared oosolete many times since
the decline of the Roman legion. In theory,
over the years he has been replaced by many
weapons developments from the armored
knight to the first cannon, the tapk, the air-
plane, the rocket and the nuclear P

To accomplish his massion our Infantry-
man must be capable of winning, in any area
of the world under all environmental condi-
tions as he fights a counterguerrilla opera-
tion, a limited war or an all-out nuclear war.
He must be able to combat alltypes of enemy
forces be they massed mechanmized umts or
clusive guerrilla bands. He cannot be cast
i a mold which allows him to fight only on
the plains of Western Europe or the mountains
and dezerts of our CENTO friends.-or only
mn the jungles of Southéast Asia. He must be
able to fight anywhere. Moreover, he must
be capable of quick deployment and be ableto
operate with austere logistical support and

h a long and vul ble ad rative
tail. Therefore our tables of org.nization
and equip t must be designed wath the
specific idea of multicapability

As you all know, the Army 18 currentlyn
the process of reorganizing its combat di-
visions under the ROAD concept. ‘‘Reorgam-
zation Objectives Army Divisions’” 18 the
translation of this acztonym, The purpose is
to give the divisions, and the division s the
basic combined arms urnit of the Army, a
greater flexibility so as to achieve the multa-
capability we seek. There are four so-calied
type divisionsInfantry, Airborne, Mechamzed
and Armored: the first three of which con-
cern us most here at the Infantry School, I
sa1d ““Type’’ because we will no longer ex-
pect to find a large number of identical units
the size of a division, - some 15,0udhumans.
Rather, each division will be tailored to fat
the characteristics of the theater of opera-
tions for which it 1s destined and the mis-
sions it 1s expected to accomplish, Each
division is given a2 common division base.
With minor modifications, such as increased

b

But this is only in theory for the pages of
modern history prove that ths alledgedly
obsolete footsoldier has played a cmtical
part in every war. Even in the short span of
time smnce the end of World War II we have
seen this rifleman—or s Allied counter-
part-—fight in Korea, Malaya, Indo Cluna,
Greece, Laos and Viet Nam. And in each of
these so-called ‘‘Small Wars®’ hehasbeenthe
decisive element. But we areheretodealnot
with the pastbut withthe Infantryman’saolein
the pressnt and onthe battlefield of the future.
Al of the ATmy’s resources as well asmany
of those of the other Services existto support
the man or the ground. In the final analysis
he is the most valuable asset in our Defense
establisiment. The Doughboy’s ultimate job
is still to close with the enemy by fire and
maneuver in order to capture or destroy
him---0r to repel the enemy's assault by
fire, close combat and counterattack.
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P for di-

or an Aur Equip t Support Comp
for an airborne division, this base 1s 1denti-
cal., It consists of a Divaision Headquarters,
a Military Police Company and a Signal
Battalion to exerciss command and control.
An Armored Cavalry Squadron exists topro-
vide air and ground reconnaissance informa-
tion to the d This organization 1s
highly mobile and well armed s0 1t can fight
to get information, It has an air cavalry
troop with hehicopters and hght aircraft.

The Engineer Battalion 1s invaluable in
helping the combat elements to get forward,
Its P can d lish enemy ob 1
fix roads, build bridges or fight as infantry
if necessary.

‘The primary fire support for the division
is found in its artillery. The Division Artil-
lary has howtzers and rockets capable of
providing indirect fires of highexplosives,




In addition to backing up the ground gan-
g elements wath indirect fire support at
ranges out to 39,000 meters, the division
artillery provides the davasionwithanorganic
tactical nuclear weapons delivery cavability.

The Aviation Rattalicn exasts to provide
the dwvision commander with a degree of
air nobility—the newest dimension 1n Army
operations The 45 helicopters and light air-
craft of this battalion will move adismounted
175 man rifle company 1n a single lift, The
vattalion also has airborne radar, iafra-red
equipment and drones for target acquisition
so the division commander canbetter employ
the massive firepower of the newdivision,

The divisions admamistrative support ele-
ments—personnel, medical, supply, trans-
portation and mawntenance are found n the
Support Command under the control of a
single headquarters., The support command
35 a functional organmization orgamzed by
activaty rather than being compartmentalized
by technical service, such as quartermaster,
ransportation corps, signal, and ordmance.
This .s a step forward as it provides the

cychic rate of fire and two 40mm grenade
launchers w.th a 400 meter range plus six
rifles,

There are three rifie squads orgamc to
all rnifle platoons. We fight by fire and
maneuver so to give these maneuver squads
fire support, each rifle platoon is provided
with a weapons squad, This 18 an 1l-man
organization armed with two M60 machine-
guns and two short range 90mm recoilless
antatank rifles, the successor to the bazooke.
The mechanized infaniry rifle and weapons
squads are eachprovided a peryonneicarrer.
By combining the three rifle squads, a weap-
ons squad and a control headquarters, the
rifle platoon 1s formed,

To give nfle platcons additional fare
suppoxt a weapons platoon IS provided, Itic
d wath a pl dquarters, 2
scctxon of three Blmm mortars, and an
antitank section with two 106mm recoilless

rifles, By combumng the 3 rifle platoons, a
lat: and headquarters,
thc ‘rifle company 12 formed The company
d ters 18 0ry:; d intoa head ters

division commander with a singleresp
operator and also lends itselftobeing -eadxly
fragmented to give balanced support to in-
dividual brigades as required,

Lastly, as part of the Common Division
Base there are three Bngadc Headquarters.
The Brigade Head ters is a
control facility with a capability of control-
ling and c¢oordinating maneuver e¢lements
together with essent:al admamstrative sup-
port, The brigade headquarters, therefore,
18 a tactical control element and1ts capability
of conducting military operations 1s bounded
only by the type and number of maneuver

ts, support ts, and other re-
sources provided by the chvxsxon to which 1t
18 subordinate., These resources would be
provided in a mix appropriate to the mission
to be >ccomplished

To form 1 divasion we add to a common
base, battalions of infantry, airborne infantry,
mechanized infantry, light tanks, and tanks,
1 an appropriate mix, In the type infantry
divasion there are 8 infantry and 2 tank
battalions, in the airborne division there are
9 airborne m{antry and 1 hight tankbat!ahon'

sectxon, 2 ground survexl\ance section and in
the mechamzed infantry a maintenance sec-
tion  The ground surveiilance section con-
tains two portable short range ali weather
radars, with line-of-sight ranges up to 6,000
meters Commanded by an infantry captain,
the rifle compray 1s the maneuver ¢lement
of the infantry battalion. From the rifle
company we will proceed to the battalion.

To assist the battalion commander and
provide support to the rifle compames, we
have the headquarters and headquar®ers com-
pany of the battalion, The battalion ground
surveillance section consists of two medium
range radars, with line-of-sight ranges upto
18,200 meters. The communication platoon
assists the battalion commander by providing
radio, wire and message center service, An
air control team 1s assigned to this platoon,
The support platoon provides the battalion
logastical support with its transportation,
supply and mess The i
platoon provides the necessary second echelon
maintenance for vehicles withinthe battalion,
The dical provides tr ent and
is pped with b front line ambulances to

in the type
infantry and 3 tank bauahons. All three
types of Infantry battalions have the same
basic structure, Regardless of how they get
there, when these various units get to the
objective area they fight alike, We have a
One Infaniry concept.

Now that we have looked at the divisional
orgamzaticn we are ready to examine the
wnfaniry units Of this combined arms team.
Since man 1s the basic element of any or-
ganization let’s begin by examining the fight-
1ng heart of our Servicewthe rifle squad.
The sqr.ad leader and his men haveinthe two
fire teams two modified Ml4 rifles of high

1

prov;de for evacuauon of casualties. The
battalion ‘s r ele-
ment is the armored cavalry platoon, For
fire suppcert, the battalion mortar and Davy
Crockett platoon has 4 mortar squads with
4.2 mortars having a range of 5,425 meters,
It also has a nuclear capable Nhight 2000
meter range Davy Crockett and two heavy
4000 meter range Davy Crockett weapons.
The antitank platoon has three wire guided

ENTAC mi S ted on 4 ton
trucks.
The L quarters and headquarterscome

pany, and the three rifle compames make up




the Infantrv, Airborne Infantry and Mech-
anized Infantry Battahions, You will recall
that each type division contained one or more
tank battalions, Our tank battalions are

of a higher headquirters, or a rear area
security force.

"When the battahion conducts the area
defense as part ot a brigade, 1t organizes its

also org d with Headquarters Company
and three fighting companies-~in this case
tank companies with 17 taaks, You know our
mssizn and our new orgamzation. Now
let us see what 15 expected of cur Infantry
battalions wn combat.

In a war agamnst a major power employ-
:ng regular forces the tacticai employment
of our infantry battalions, our basic tactical
units, may be described under the general

gories of off and def; As we
discuss the tactical doctrine of the Umted

£ oriented toward the retention of
specific terrain, Forward positions are
strongly orgamzed and emphasis 1s placed
on stopping the enemy forward of the battle
area, with penetrations destroyed or ejected
by counterattack and the control of the for-
ward defense area reganed.

Our tactics also envisage the conductofa
mcbile defense by our corps and divisions.
This 1s a more fluid form of defense wheremn
manimum forces are employed inthe forward
area and the retention of specific terrain is

b to the of ke

States Infantry, 1t 1s welltor ber that
Soviet tactical docirine also h fire-

by strong mobile reserves. Whenthe battalion

power and mobihity. The Soviets apparently
are prepared for tactical nuclear warfare.
They are attempting to mechamze ncarly
everything that fights and at the same time
thev are stressing air mobility, This threat
we must be able to counter if war were
thrust upon us,

In the offense the battalion may be em-
ployed in 2 movement to contact, as the
covering force, advance guard, flank guard,
rear guard, or it may move as part of the
ma:a bdbody. When contact 1s made the
battalion may be all or part of the main at-
tack of a brigade, the supporting attackorthe
brigade reserve. In the attack of an enemy
position, the battalion may conduct a ground
envelopment or an aerjal envelopment. It
may also participate in a penetration where
we pierce a soft spot in the enemy hines, to
seize a deep objective and divide the enemy

1

particip it the def the pri-
mary differences are that the forward bat-
talions will often conduct delaying actions
while a greater number of battalions will be
involved in the ks of the d
ceserve.

Although I began my discussion of tact:-
cal operations with what you maght call the
traditional type of war, the Infantry is well
aware of the threat posed by communist
mspired 1nsurgency movemen.s, We are
1 g no stone unt d in our efforts to
train our men to fight guerrillas. Ofcourse,
1n counterinsurgency operations we recognize
that counterguerrillia tactical operations are
only one aspect of the problem, Concurrently,
certain policies inust be impl ted at the
governmental level of the country involved
aimed at elimimnating the causes for the
growth of discontent with resultant communist

loitation. The small umt commander

forces, In ducting an t or
penetration the battalion may employ in-
filtration techniques.

The missions assigned to the battahon
and the method of employment will vary with
the mission and organization of the brigade
to which attached, For example, a mech-
anized infantry battalion in an armored di-
vision will normally be employed to support
the ad of tank el ts, whereas in an
infantry, airborne, or mechanized division,
the tanks will normally be usedto supportthe
advance of infantry elements, However, all
commanders must gear their actions to the
massion of the higher headquarters, and not be
reduced to thinking in terms of one particular
type .f operation or one form of mobility. In
the defq as in the off the battahion
when operating attached to & brigade may

i dditional bat power through the
attachment of rifle, tank, or armored cavalry
units,

The battalion may be employed inany one
of three echelons of defense. It may be

Yoved i 3ty el in the

ploy in the Y
forward defense echelon, or in the reserve
echelon. At times the battalion may be em-
ployed as all or part of the covering force
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must be knowledgeable of the overall pro-
grams designedto phishthese pol 1/
economic aims and the role of his umt in
their implementation.

Even the rifle company commander 18 a
strategist in this type war where the best
strategy for one locale will differ from that
of another not only because of the guerrilla
strength and type terrain present but also
due to the density of the civilian populations
and their varying attitudes, political tradi-
tions, and economic environments. Adapting
to the location situation is essential for a
umt both prior to and during counterguerrilla
operations.

Here is how we are teaching that an In-
fantry brigade might be involved ina specafic
counterguerrilia situation. Visualize, if you
will, that a certain area is under effective
control of the hostile gucrrilla force; andthat
an adjacent area isunderthe effective control
of neither combatant except for small areas
occupied by troops or civildefense elements.
In order to simplify this tactical example we
will assume that the civilian population 1s
sparse and is largcly apathetic or friendlyto
our cause. The brigade commander places




the majority of his combat power 1n the area
where the guerrillas must be located and
destroyed In the adjacent area, the com.
mander feels that the main effort will be
darected to civic assastance and police op-
erations including the security of installa.
tions, commumties and lines of communica~
tion a¢ well as population control,

Companies and larger units are assigned
defimite sectors of resvonsibility in the
guerrilla dominated area, and a prionty for
clearance of sectors or subsectors is es-
tablished. Now the guerriila force must be
located, First we would prefer that our
clandeztine mntelligence effort be good enough
to find the guerrillas—and we will certainly
strive for such efficiency but we cannot
realistically expect such resuits. Sowe must
also employ continuous aerial surveillance,
patrols, ambushes and hunter/killer teams,
A high priomty 1s given to locating the
guerrillas outside sources of supply and
shutting them off,

Within its sector, each company mamn-
tains a react,on force of a platoon at its
combat base, the battalion two platoons and
the brigade a battahion task force, These
forces must have priority for useofall Army
transport aircraft. When a guerrilla force
1s located, one or more of these reaction
umts 1s moved immediately to the area to
fimsh off the enemy. When possible, an en-
circlement 1s effected, if tame or forces are®
wnsufficient a purswit 1s launched. The key
18 rapid violent reaction with adequate com-
bat power to destroy the guerr:lla el

and on the removal of the primary cause of
the resistance movement,

(5} Gamning and masntainiug a mobility
differential over the enemy praimanlythrough
the use of airmobale and airborne forces,

{6) Provirion of cavic assistance to
and effective controloverthe civilian pop-
ulation,

Having discussed our Infantry maission,
orgamzation and tactics, you are doubtless
interested in our ability to doalithesethings,
particularly from the standpoint of our equip-
ment. When we examine the Infantryman's
weapons, we find some good arcas and some
areas where we have failed to provade ade~
quate means, Fairst of all, we are generally
satisfied wath the M14 rifle, M60 machine-
gun, and the M79 grenade launcher. These
are excellent wsapons providing a good
close-in firing capabulity.

Only in one area in the small caliber
freld do we have a serious deficiency. The
caliber .50 machinegun does not meet the
Infantryman’s requirement for a mounted
automatic weapon. What we need, of course,
is a ple and hat larger calib
machinegun which 1s effective at long ranges
against materiel, personnel and air targets,
It 15 hoped that one of the 20mm systems new
being tested may at least partially answer
these requirements,

In the antitank field we find one of our
most notable deficiencies. We have a good
weapon - the LAW, effective at ranges up to
250 meters, It 1s packed in a telescoping
tube which is both a packing case and a

This 1sa pre-eminently infantry effort where-
mn the entire, massive effects of the other
arms and services can rarely be brought to
bear.

This has been a briefand over-simphified
1 i of guerrnilla tactics,
Once the local strategy 18 determined we find
that while the tactical principles for conven-
tional operations have a general validity,
their application against an arregular enemy
with little interest in the securing or re-
tention of terrain differs markedly. But, we
are sure that a rifle squad or platoontrained
to defeat guerrillas will have nc equal on
any other battlefield,
Here are the primary areas whichwe be-

“th away'’ 1 . It is ~zrried bythe
troops when required and we are satisfied
with its capabilities,

The same cannot be said of our medium
and heavy antitank weapons. The M57, 90mm
recoilless rifle is our current platoon level
weapon.  Unfortunately, it needs too many
people to carry it with the required ainmuni-
tion, and its range is too short. Weneed a
platoon weapon a soldier can carry with him
wherever he goes and use it to kill a tank at
ranges up to 1000 meters.

The current heavy antitank/assault weap-
on for the rifle company 1s the 106 mm re-
coilless rifle which 1s not hand-portable,
The ENTAC, our current battalion-level
weapon, 1s a wire guided missile, It offers

hieve will require increased in
counterguerrilla operations;

{1) Training motavation of troops and
taaloring of TOE units for the specafic mis-
sion to be accomphished.

{2) Continuous and accurate intelli-
gence,

{3) Detailed planming of small.scale
decentralized tactical operations.

{4) Continuous orientation of the op-
eration on the separation of the guerrilla
forces from support and supplies, on the
destruction of the enemy guerrilla force,
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p: y over recoilless systems
at the longer ranges, however, poor per-
formance in the assault role, slow rate of

fare, exp gunner i and poten-
tially degraded performance in a battle en-
vi t make 1t d ble, What we

need at battalion level is a heavy antitank/
assault weapon which can deliver accurate
fire against a variety of targets at allranges
to 2000 meters and which does not exceed
200 pounds in weight. Our Infantry anti-
tank weapons must be oriented towards the
offense and this requires mobility,




When we examune the orgamic indirect fire

support provided to the doughboy we find that
the Simm mortar in the nifle company and
the 4 £ mortar atbattalionare bothexcellent
weapons, Additionally, development 1$ pro-
ceeding onimproved, lighter models with an
mcreased range capability.

Th~ Davy Crockett 18, of course, a rela-
tyvely new weapon for the doughboy. Althcugh
the Davy Crockett does add a nuclear di-
mension to the Infantryman’s firepower, the
weapon does have several disadvantages, in-
cluding the signatur~ effect, lack of crew
portabilaty, and himited range and yields,

When we lookat the Infantryman's organic
air defense weapons, we find that they are
totally inadequate At present he has only
hs ground weapons and tne caliber .50
machinegun, The Redeye has beendeveloped
to provads an active air defense capability
to the Infantryman, however, this weapon is
stall undergoing tests and may not be in the
hands of combat umts for sometime.

There 18 one other type weapon available
for Infantry support which deserves mention.
This is the armed helicopter which we find
organic to the ROAD division, This weapon

allowing him to move rapidly on the battie-
fieid 15 to provide hira with a vehicle whach
will carry his crew served weapcns, ame-
munition, and supplies wherever he must go
including swamps, mowntamns, jungle, and
other dafficult areas, V/hen you odjectively
examine our present and future ground ve.
hicle inventory, you can see why we are far
short of our goal, Our wheeled vehicles
are httle better than’those we had ten or
{_fteen years ago. They are bigger, h-avier,
more difficult to maintain, cost more, and
consume more gas. And their capabilities
have not increased proportionately. We are
still quite roadbound with our wheeled ve-
hicles

Although our tracked vehicles have
greater cross-country mob:lity, their log-
1stical support 1s stall dependent on wheeled
vehicles, Even our tracked cross-country
mobilaty 15 not all that it should be. The
armored personnel carriers and tracked
reconnaissance vehicles have been armored
at the exp of reduced abality and
increased gasoline consumption. Protection
should be considered only after the required
mobilaty Las been achieved.

system includes the use of eather h
guns, rockets, or antitank guided missiles
mou_ted on uhility helicopters. Itis antici-
pated that the airborne weapon system willbe
particularly effective against tanks, APC's,
personnel, bunkers, and other syimalar tax-
gets. However, it should be remembered
these aerial weapons platforms are not a
substitute ior and do not duplicate the close
support aircraft required from other sources,

In summary, the Infantryman has good
small arms, an excellent close in antitank
weapon and indirect fire weapons in the in-
ventory or under development which meet
present and future requirements. An ef-
fective large caliber machinegun, orgamcair
def: P plus d and long range
antitank weapons are not now available, Cur
weapons development program needs cm-
phasis in these areas, and for the Infantry-
man, we feel thatthe human factors enginecr-
ng aspects play a key role.

Let us now consider the Infantryman’s
ability to move; first, by foot. Withall of s
equipment our soldier 1s loaded with over

In y, we are far from satisfied
with cursent or proposed ground vehicles,
Thesr lexity and gasol ption

places a heavy mantenance and supply bur-
den on our combat forces, while their use 18
restracted 1n far too many potential battle
areas, What we need 1s a simple, durable,
lightweight economical vehicle—tracked,
wheeled or zero ground pressure—which can
move the Infantryman and his equipment to
the final objective in any part of the world
truly multicapable.

In the field cf air mobility we are some-
what better off We are generally satisfied
with the types of helicopters programmed to
be available in the Infantry division- however,
1n numbe ¢s, there 13 room for amprovement,
Lookiny, to the future we hope to see anin-
creas: in the hLift capability particularly
with'a the Infantry division to improve its
pot.ntial for airmobile operations. In ad-
di‘ion, we see a long range requirement for
sicreased airborne fire support. In the
overall picture we expect Army aviation to
play an increasingly amportant role in future

20 pounds of clothing and equip t. He is
not very mobile. Unfortunately ali of his
gear .~ essential in some phase of his combat
operation 2nd 1t or its equivalent must be
available to the Infantryman. This is one
area - lightening the load an” still providing
the needed items - where a real break-
through in equupment and support techniques
is needed. We are hoping you can assist us
here.

When we speak of lighteming the Inzantry-
man’s load, this inevitably brings us to the
subject of ground vehicles. Certainly one way
of lightening the doughboy's load, as well as

P .

A thoughtful look at our Infantry com-
munications equipment leads to some un-

fortable but pabl Tusi We
are able to communicate with 2 man in orbat
around the world; yet we have not equipped
our leaders in rifle companies with the much
less sophisticated radios they require to ex-
ercise effective control of their men. The
rifle company commander, who must be
ready to direct his umit in dismounted op-
erations, no matter what the terrain, lacks a
radio that can meet hus needs with respectto
range, reliability and size, Although thenew




family cf radios, now in a drawn-out dise
tribution phase, doubles the range and re-
duces the bulk in Infantry vehicular zadio
sets, this family constitutes no sigmficant
ymprovement in range or weight in the man
poriable models necessary for Infantry com-
pany operations, Perhaps single sideband
equiprment more contemporary to that widely
eraployed by business and “ham'’ operators
will answer the Army’s needs. Butat present,
one cannct avoid the conclusion that current
Infantry tions t, as well
as some of that now

of battle and that their appiication requires
ihe other four—control, information, support
and traiming. They are the basic ingredients
which must determine our operational con-
cepts. When their relationship changes so
should our concepts which we express in
orgamization and doctrine, A material in-
crease in the effectiveness of anyone ofthem
will not alter cur concept when it 1s con-
sidered by itself. On the other hand, such a
change should cause us to examine our cur-
rent doc;rme and organization with a view

falls s:igmficantly short of the state of the
art,

Turning to the electronics field, in any
Infantry surveillance device we require ac-
curacy, durability, lLight weight, an IFF
capability, symplicity of operation, and maxi-
mum possible immunity to ECM and weather
extremes, In addition, our systems should
overcome the Limitations of line-of-sight
surve.dlance and the power sources for
surveillance eq t should be d
1zed and sxmphf:ed The short range radar
currently organic to the rifle company 1s
rated as havang the abihity to detect a walke
ing man up to a range of 1500 meters and
moving vehxcles up to a range 6000 meters.
H thas is heavy,
and qmte fragxle. Additional limitations are
that 1t produces excessive operator fatigue
and provides hne-of-saght coverage only.
The medium range radar organic to the
battalion can detectto a range 0f4400 meters
and moving vehicles up to a range of 18200
meters, However, 1t also is heavy, com-
plex and fragile. In summary, we have
made just enough progress in the develop-
ment and employment of Infantry surveil-
lance equipment to whet our appetite with
regard to 1its potential,

To review our position, we are generally
enthusiastic about the maulticapability en-
visaged under the ROAD organizational con-
cept. However, we believe that, not only are
we faced with certain deficiencies in our

P! and other hardware which must be
overcome, but that certain problems still
remain to be solved with regard to our or-
ganizational structures,

From our discussion to this point I am
sure 1t 1s apparent to you that we accomplish
our missions by fire and movement; and for
this to be efficient and effective it must be
conirolied, and directed towards decisive
points, which requires enemy information,
Also,any unit, from squad to field army, re.
quires enemy information. Alsc any unit,
from squad to field army, requires adminis-
trative support to accomplish this objectave
and certainly Infantry units require a lot of
combar support, Finally, ail of these func-
tions require trained individuals and umits,
Therefore, we operate on the premise that
fire and movement are the basic elements

heduled forpr tion to & ping new pts which would then
be reflected in dafied and
doctrine. Or :in other words, have we re-

lated the use of these basic elements to each
other in such a way as to best accomplish
our objective?

Obviously, they should be in balance with
cach other, and no gaps should exist in any
one of themm. When they are out of balance
and gaps do occur, our materiel develop-
ment program should then be directed to-
wards filling such gaps, and to bringingthem
back anto balance. However, such program-
ming should be done in conjunction with our
examianation of doctrine and organization; or
else we will never develop really new con-
cepts. With these points in view, we con-
tinually study the six so-called ingredients,
Today the obvious conclusion 1s that fire-
power is greatly out-of-balance with control,
mobslity, and our means of acquiring enem;y
information,

At the present time, we are not able to
control all of our available conventional fire~
power, much less the nuclear. We also lack
the tactical mobihity to exploat sts effects, and,
in the case of Infantry firepower, adequate
means to move it, And everyone will agree
that our surveillance and intelligence system
i1s far from being able to provide us wath

dequate target acq Vet, even thh
the d g fir b
today’s warhcads and :mproved munitions,
we still find one critical gap in the antitank
weapons field,

In the ROAD division orgamzation great
strides have been made in capabihities in the
field of admimstrative, logistics and combat
support but little has been done to make it
responsive to the user. This is because the
user has too little means to ask for it; while
too often the provider has no rapid way to
deliver it. So again, the need to beef up
mobility and controltobringthemintobalance
with support capability, particularly ad-
manistrative, becomes apparent.

Finally with respect to training we feel
that our methods are sound but that we must
continually lcok for ways to get maximum
participation :in reahstic training oriented
towards the battlefield rather than our gar-
rison posts.

Therefore, we conclud> that our major
problems (where we believe Human factors
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engineers may be able to help us) are to
increase our means of mobihty, to make
more effective our control—which in hard-
ware 18 rIpr ted by to
seek better ways to get information about the
enemy, to close the gap in antitank weapons,
io make combat and admimstrative support
more -esponsive, and, finally, to improve
trazang We are working hard to find the
answers and, tomght, General Harrell will
describe for you some proposed solutions
Over the past hour we have taken a close
look at the Infantryman his organization,
weapons, equpment and doctrine. We have
poited to his needs for mmproved antitank

ans.

air def p mobaility, com-
munications and elect.onic equipment, We
have also looked at the doctrinal und OX«
gamzational urexs where problems exist
which when solved will maximize the capa~
bilities of the ROAD divisions,

However, I most emphatically do not
wish to undermune your confidence mn the
current combat capability ofthe Infantryman,
He 1s ready, willing and able to move quickly
to any part of the world to fight any type of
war at any time, He can be counted on to do
his job as 2 part of the combined arms team
of your Army living up to his proud tradition
as a prime defender of this nation,




E. BANQUET ADDRESS by Major General Ben Harrell, Commanding General, The U, S, Army

Infantry School, Fort Benning, Georgia

Dr. Baker, General Daley, distinguished
members of the Eighth Annual Human Fac-
tors Engineering Conterence. When General
Beach asked me to appear before you tonight,
I ecogmuzed at once that your theme for the
Ccnference—the Infantryman—and this
group’s dedication toward improving his ef-
fectiveness, created an opportumity to be
heard that the Commandant of The Infantry
School could scarcely pass up. With this in
mird. I set about preparing my remarks

1 am delighted to have the opportumty to
discuss some of our Infantry problems with
such a highly qualified andience, We at Fort
Benning have a great deal min common with
this group., You are concerned with the ap-
plication of scientific principles concerning
human physical and psychological character-
1stics to the design of equipment. You
straive to increase speed and precxsxon of
operations, to provide

cent effective, then their sum, our total
power, would also be one hundred percent
effective, Certamly, we don’t want some
elements to hive a greater effectiveness
than required while others fall short. This
15 a problem for our masters in Washington,
But I do bel:eve that we must leave nathing
undoné to make our part, the frontline soldier,
as effective as possible,

The experiences of World War II and
Korea leave no doubt that our combat umts
were not nearly as cifective as they should
have been, particularly when'we considerthe
high caliber of men and equpment found in
them, As ind.cated—according to many ex-
perts—their combat effectiveness in World
War II and in the Korean War probably did
not exceed twenty percent of their full poten-
tial. The figure of twenty percent itself 1s
not important—what 18 important is that our

efficiency, to reduce fatigue, and to simplafy
iequarements. Success in this area makes a
great contribution to the combat effective-
ness of the mdxv:dua) soldier. Qur mission
as profe 1diers of the combat arms
.8 an extension of your task, We must shape
the soldier and his weapons and equipment
into combat umts which will win onthe battle-
field. In the final analysis, we are both
vatally interested in the performance of the
wndividual soldier.

1 realize, of course, that the combat ef-
fectiveness of our Army is reflected in the
sum tctal of our country’s resources for
national security and in the way these re-
sources are distributed and brought to bear
on the task at hand. Schematically—we might
indicate our mlhtary power this way., Ob-

ly, our ds on our ability
to produce more than that required to sustain
our people, And, then, after reaching this
production goal, there must be some per-
sonnel left to man our Armed Forces. We
would hope that our production base and our
Armed Forces would be in balance as to
their capabilities aad size. I don’t neces-
sarily mean that the entire effort of the Navy
and the Air Force is in a supporting role,
but no one would deny that the Army does
require thear support. Fmally.lhave davided
tis Army into the basic ts

bat units have never been as effective
a8 they can and should be, Als0,I am certain
that the effectiveness of our combat umts
was considerably less than that of the other
elements behind them, both the administra-
tive and combat support umts of the army,
as well as the other elements of national
power shown on my chart. I amsure we will
all agree that when these maneuver elements
are 1n a position on the ground to control it
and its people, we have realized the full
results of our national power. Therefore, 1t
seems ridiculous to spernd bilhions of dollars
in our factories and in the rasintenance of
our defense forces in order to support a
twenty percent effective combat force.

In my opamon, the overriding reason we
failed to realize our full combat potent:al
was not due to the quality of our manpower,
nor the lack of equipment, nor even the type
of equipment but rather was due to our
failure to control men and equipment
properly.

Tomght, I should hke to discuss control
for a few minutes and suggest some aspects
of it which menrit further study and investi-
gation by interested and quahfied people
such as yourselves. At the combat umy
level—that 1s at the battalion and lower—
eftectwe control means to me that each

whick are charged with seizing, holding, and
controlling a piece of ground, and the ele-
ments, both combat and admimistraiive, which
support them. Ihavenotintentionally omatted
our respected friends, the Marines. They
fall i the same category as does the Army.
{ should like to think that all of these

1 ts are in perfi balance~that ‘ve
have distributed our resources in such away
that when each element 1s one hundred per-
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is pulling his fair load. This re~
sults in our being able to place our fire-
power where we want it, when we want it, and
to move quickly and decisively to exploat its
effects, Effective control-especially control
of combat units on the battlefield—:s not
something which occurs automatically simply
because we have good equipment and good
men. It 1s, rather. the product of seperior
leadership, sound
orgamization, and effective training.




All of these elements are highly im
portant, but tomght I shall confine my re-
marks to the last two—namely, orgamzation
ard traiming. By so downg, I don’t deny for
one mnute that new and better equipment
won’t help tremendously in tne matter of
control. Exactly the opposite 1s true, Ths
mor g, Colonel Short discussed equipment
with you imn some detasl. He pointed out
areas of strength and wealnesses, and he
cited the great progress we are making
mobility, especially air mobality, Increased
mobility alone mases for much better con-
trol; for example, 1t improves our recon-
naissance and surveillance capability, which
in turn makes it easier to direct our efforts
with more precision and intelligence. More-
over, greater air mobility will permit us to
develop new operational concepts which will
no longer require the combat soldier to do
anything or carry anything on his back which
can be doae or carmed for hum by support
units to hs rear, We are also getting some
fine new commumcation equipment, The
new famuly of lightweight radios will help
control immensely. In all of our weapons
and equipment, we are striving, with your
help, to get material specifically designed
to meet the requirement of the soldier rather
tha- trying to adopi our thinking and our
men to match the equapment.

1 don't have time tomght to taix about
leadership and its great impact on control.
Suffice it to say that we are domng our best
to make improvements in this areca. I am
happy to say that, in my opimon, our army
has never had better leaders, Thisis par-
ticularly true in our junior officer ranks and
1n our noncommissioned officer corps.

Therefore, recogmzing thesethings, what
steps should we take about our orgamzation
to improve control? For onme thing, we
should look for petter ways of transmutting
instructions and information to the soldier.
As a corollary to this, we must search for
easier ways to supervise tam. What I amn
saying, in realty, is that we should study
span of control and unity of command—the
two org 1 pr P lved here—
to see if they can’t be improved.

Secondly, we can certainly reduce the
number of tasks assigned to the combat umt
and the combat soldier. Today, he 15 ex-
pected to be a jack of all trades when he ob-
viously should be a mastes of only one, We

should trate on h g g
ment and trammng, Our new and ampreved
t—if it 15 @ c properly and if

w‘e use 1t intelligently—can help i this
respsct. And, as Inoted earlier—rehieving
the corbat soldier and the combat umt of
adminstrative and support chores, willplace

phasis where phasi 1ongs—f1ghti
in combat and tramning in peice,

Finally, allow me to talk for a few
minutes about traimng. I don't have toprove

to this audience that a poorly trained umt
performs aneffectively in combat, and that
this adds ummeasurabily to the already diffi-
cult problem of controi, Our greatest weak-
nesses in traiming do not lie in our traiming
methods, 1n our tramming facilities, or in our
traiming equipment. These are generally ac-
ceptable, although improvements can and
should be made whercver possible And
there 18 no shortage of good officers and
good noncommissioned officers who know
their stuif and who are capable of conducting
effective traming, Our greatest weakness
lies in team traimng.

Can we really have an effective system
that can be efficiently operated with hghly
trained individuals who have never operated
as a team. The answer 1s yes, n some
areas. This 1s possible, for example, where
the weapon 1is the airplane or the massile,
1 which the system itself 1s largely com-
posed of mechanical elements requiring
skilled techmicians, Here the problem 13
one of marrying the individual up with the
equipment. But I aon't think you can ever
transfer this type of tramming to *he nifle
squad, platoon and company. The indaviduals
themselves are* the actval instruments of
power—soldiers seize objectives, defend
critical terrain, and work together to provade
thear own fire and maneuver, They must be
trained to fight together as a team This, of
course, 15 our primary responsibihity,

However, 1t wouid be interesting to have
your evaluation of how much more effective
an Infantry Squad tiat has really tramned aca
team would be over a squad ‘.zt has just
been thrown togethez, Further, it would be
interesting to know how much team training
you feel 1s actually required for our combat
units to achieve a really acceptable level of
combat effectiveness, and once this level 1s
reached, how much traimng you feel must be
done to maintain 1t. You should recognize,
too, that our team losses are high incombat,
and such a study should include whether or
rot replacements should be assigned to and
tramned with the squad or team. In the Army
we call such replacements, fillers.

1 don’t think we would be far off by com-
paring our combat umt to a football team.
Certainly our squads should have the same
opportunity to develop as a team as the
Green Bay Packers do. I'm sure that Vince
Lombardi wouldn’t dream of taking a bunch
of players who have never seen one another
before and put them together on Sunday
afternoon for the first time no matter how
proficient they maght be as indavidual run-
ners, blockers, or tacklers, Also, 1 can’t
gee Lombardi putting in a mar who has
never practiced with the team to replace
someone 1o bas been hurt.

My pe.at here 1s to emphasize the im-
portance of team traimug in any endeavor




where tne key ingredient 1$ man. THis ap-
phies to Intantry Squads and platoons with
the same wvigor that it applies to football
teams, We of the Infantry are keenly aware
of this requirement, but I should po:nt out
that it requires resources and effort, and
should be considered when the overall dis-
tribution of national resources 1s made,

n ry, I am prop g that we
give our orgamzation and traiming some very
careful thought and study—that we conduct
research into these areas to determune
whether they require more effort and re-
sources We must make our end product—
the ground combat umt—at least as effective
as tae tremendous and costly effort behind
it. 1 know that the research and study I have
suggested may not fit neatly under the head-
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ing of human factors engineering, but I can-
not help but think that this highly qualified
group could find ways to help solve these
problems. I can assuie you that we heren
the Infantry School and those in General
Daley’s Combat Developments Agency here
will welcome all the help we can get. To-
morrow you will see a number of demon-
strations conducted by personnel of The
Infantry School. In a very real sense, what
you will see 1s the final extension of this
country’s power -the ground combat soldier
in action., Gr nd combat is essentially 2
struggle bet -n human beings--not ma-
chines—and 3 ms environment, the Infantry
always rules supreme. Anything thatyoucan
do to help the Infantry Suvldier inhis difficult,
lonely, dirty, and dangerous job will be
appreciated,
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A. EVALUATING PROFICIENCY IN THE

INTRODUCTION

’he systems approach, including systems
aralysis and system engineering, 18 widely
used as 2 useful modus o%erandx inthe devel-
opment of solutions to human engineering
problems. For optimal design, a complete
descriptive model of the system 1sessential.
Such a model relates inputs, outputs, and sys-
tem states in time Design for the Infan-
tryman, therefore, requires a special knowl-
edgs and understanding of the miss ~s and
the tasks assigned to Infantryme. dumng
combat operations.

Since military systems are designed to
accomplish missions, the nature of the mis-
sion determines the nature o£ the system
The Infantryman’s basic 1s

vron
UoiL

WEAPONS by Thomas F, NicholsandJosephS, Ward, U, S. Army Infantry Human Research
Unit, Fort Benning, Georgia

AND THE MAINTENANCE OF INFANTRY

essential to successful human engineering
design for the Infantryman.

Traditional human factors engwneering
strives to permit human beings to perform
their functions most easily and reliably withun
the performance context of the particular sys-
tem under study. Theultimate criterionper-
formance context for systems involving in-
fantrymen 18 that of actual ground combat.
Somehow or other, the ecology of Infantry
combat must be kept in mind during the de-
sign of weapons and equipment for the In-
fantryman and must be represented with all
possible fidelity during the evaluation of
items designed for use by Infantrymen.

Task RIFLEMAN faced the problems

tved an the 1 of ground bat
1n the course of a recent asses-
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to take and to hold ground, T'us requires
him to close with the enemy by neansof fire
and maneuver in order (o de~’ s 2T capture
‘um or to repel his asaault vy fire, close

and The nature of
ground combat 1s essentially that of a duel
‘l:'- ween acnve, alert, and skilled opp S

ment of the combat proficiency of gradue
ates of the l6.week training program for
the Light Weapons Infantryman. A reahstic
series of job samples was incorporated in a
tactical exercise whichprovided for the scor-
ing and the rating of individuals in terms of

dards of £ e based upon the

ly ch g pat-
terns of t and readjust t from
sndivaduals and from umts, lnfantry com-
bat is thus pnmanly a man function rather
than a h C tly, most
systems which include mfantrymen ashuman
ts are dant rather than
machme-ascendant systems, What axe the
imphications for human engineering dengn
for the Infantryman? Since man js the
heart of such systams, it is vatallv xmportant
to ensure that the p and the ip

actual situations and conditions which pre-
vailed during the evaluation. This work,
hopefully, may serve as a useful model for
consideration by human engineers concerned
with the evaluation of items designed for the
Infantryman.

First, I shall describe the developmentof
the combat job description and give you some
1dea of the scope of its content, ThenI shall
describe indetailthe evaluation exercise used
to assess proficiency on selected critical

designed for use by Infantrymen enhance
rather than hamper the ..pphcahon of human
skills and k ledges to tl 1 ac-
complishment of ground comba’ missions,
Adequate description of a system must
include thoge operations which are criticalto
the desired outputs of the system. For the
Infantryman, it is necessary to know the
specific periormances required of lnm inthe
of d mis-

sions, Task RIFLEMAN, a research effort
conducted at the U. S, Army Infantry Heman
Reﬂearcn Unmt here at Forz Benning, has

ped and led job de-
scription in terms of the crmcal combat
skills, k led, and perfor re-

INFANTRYMAN COMBAT
PERFORMANCES

Back in 1958 Task RIFLEMAN set out
to develop ¢ job d ption of the bat
performance reguirements to be met by the
L:ght ‘Weapons Infantryman should he engage
in combat 1n 1962. This description of mini-
mum req ts was a y prelude
to th.. design of proficiency tes!s and tt

t of more effect

Such a 30b description had to be “devel-
oped by experts whose knowledgé, informa -
tion, and body of experience constituted an

quired of the J.ught Weapons Infantryman
{LWI\ as a mnirmum but adequate prepara-
tion for groeund combat, Although prepared
pnma"ﬂy for uee in the development of
g, this prehensive set of perf
ances which define the behavior requu‘cd of
is

that they would be able to provide
us with a meaningful one, We could use a
single military expert for this if we could be
assured that our choice was correct. To do
this we would need to know (1) s degree of
reliability which is the relative frequer-y of
cases in v:hich, when confronted with a

the Light Weapons Infuntryman in b
a prime source of descriptive information

e hy the expert
ascribed a greater personal probability ‘o



the eventually correct alternative than to the
others, and (2) his degree of accuracy which
1s the correlation between his personal prob-
abilities and his correctness in the class of
those hypotheses to which he ascribed this
piobability. Sincealithe relevant background
data necessary for determimng the choice of
a sinjle expert wasnotavailable, thedecision
was unide to util:ze a number of experts with
eacn functionang as a check on the other.
These experts acted as a single group, pool-
ing their knowledge of a subject through a
series of conferences and discussions, elxm-
mating discrepancies in open debate, and
attempting to find solutions satisfactory to
all.

£aci of the experts was an experienced
military man who had taken part in aggres-
sive actions agamst the enemy in World
VWar II or the Korean Conflict and who was
farmhar with the traimng products of Basic
Combat (BCT) and Advanced Individual Train-
ang  (AIT). The members of this grour
stadied and recorded their analysis of the
combat duties of the LWI in a series of
papers. This analysis was based on a con-
ceptualization of the 1962 battlefield, the
tactical utslization of the different weapons
the LWI would operate, a study of current
e<.i10ns and drafts of reievant field manuals,
training manuals, Army Subject Schedules,

EVALUATION OF COMBAT
PERFORMANCES

In order to focus research efforts on
those performances whichwere mostdirectly
related to combat and which were also most
in need of improvement, two selective cri-
teria were applied to the 102 perfurmances
specified an the job description. Farst, 13
RIFLEMAN staff members, who were com-
bat veterans and who had participated in the
development of the requirements for entrv
1nto combat, chose the 60 performances the
thought to be more directly relatedto combay
missions than the others. They then applied
the same criterion to rank order these 60
performances.

Next, 50 members of a Strategxc Army
Corps (STRAC) & , A
farmhiar with the abilities of AIT graduates,
arranged the 60 performances in order of
need for amprovement.

The 13 performances which rated highest
on both combat relatedness and nced for

were selected as the core ele-
ments of 2 combat proficiency test.

The next step was to devise anevaluation
exercise which would incorporate the selected

bat skills perf n a series of
combat-hike sxt.xahons and provide objective

Army Fraining , and rel t com-
bat experiences. Groups of experts worked
on different aspects of the combat job, form-
ulatang skills, knowledges, and per{

for that job, and ptepaxmg papers whichwere
reviewed by other members of the group.
Differences were reconciledthrough solicited
comments from other experts. Finai papers

8, gs, and observations.
This evaluation exermse was designed to
sxmulate the farst day of combat whxch mxght
by an indaivads T
at the end of 16 weeks of trammg. The
1 p

hicl 22

for pr =3
was a

(N

squad 0

ting of
four trained actor squad members and an

actor squad leader. Four AIT graduates

produced on a given job were subjected to

pleted the squad; two were assigned as

““murder boards’’ inwhichail bers of the
group made suggestions for changes. These
papers were thenrevisedtoreflect

il and two as automatic riflemen.
Subjects (l) were received, oriented, and
d at

of the group and the other experts and sub-
mitted to the U. S, Army Infantry School
{USAIS) for review and comment. Repre-
sentatives of USAIS and Task RIFLEMAN
reconciled their differences and the final
statement of the skills, knowledges, and per-
formances was produced. The end result was
a set of skalls, k led and p

which comprised a detailed jobdescriptionof
the mi requir ts ry for the
LWI to perform effectavely in combat,

Syblished in January 1961 by the U. S.
Army infantry Human Research Unit, Fort
Benning, Georgia, as Research Memorandum
Number 23, this job description 1s offered
as a source of deta:led information on what
the Intantryman does in combat. Although
directsd specafically at 1962, the 41 subjects
and tie 102 performances described are
considered to have contiruing validity con-

i , battle group, company,
and p).atoon levels “of command, (2) were
taken on a 10-male road marchinbattle gear,
(3) ate field rations, and (4) conducted night
security guard duty. Thefiveactor members
of the squad functioned as experienced squad
members who, according to plan, moved the
subjects through the exercise, issued and
relayed orders, fired weapons, provided
realistic combat cues by their actions, and
assisted in safety control during live-firing
situations.

Live-firing portions of the evaluation
were scored individually in terms of hats,
targets preseoted, targets fired at, and
rourds expended. Eachmanwasrated invar-
10us situations on suchtactical considerations
as use of cover and concealment choice of
firing p skill inmaintai i
and abxlx!y to receive and act uponvex-baland
signaled orders. Every man was followed

tingent upon the develor tandthei
of new weapons.

losely by a military obsexver who noted
dividual errorsof ionand i




which detracted from the man’s effect:vencss
as a member of the squad.

In order to convey an idea of tne nature
and scope of the situations used, I shall
briefly sketch the scenario of the exercise,

During the might, a simulated attack by
enemy infiltrators provided 2 situation in
wl .ch data on the proper choice of weapon
ana on the use of hand grenades were
gathered.

The next morning, the squad leader gave
the attack order, issued weapons and lLive
ammunation, and moved !he squad out toward
the enemy. 5
fire from an enemy outpost, accompanied by
a display of movable targets mterrupted the
forward and introd
in which the subjects’ immediate reactmn to
surprise fire was recorded, During subse-
quent maneuvers in response to leaders’
orders, use of cover and concealment and
choice of firang positions were rated by
tramned scorers and experienced mlitary
observers. Data on effectiveness of fire wath
rifle, automatic rifle, and hand grenades
were also obtained,

Once the enemy outpest was ** ”

sectors of fire and was backed by a scoriag
panel, The squad leader, in a separate fire
order, designated the himats of this lanear
target prior fo its presentation and gave the
command to fire as the display began. This
situation provided data on rate, distributiea,
and effectiveress of fire on suspected enemy
locations with rifle and automatic rifie, and
on understanding and comphiance with the
verbal fire order.

In addition, during this general defenne
action, enemy personnel approaching by
rushes and beunds were represented by mov-
ing personnel-type targets which appearedat
far. midrange, and near distances. The

phase d with the pr
tion of a moving personnel-type target whieh
arose from a
for 5 seconds and then feutoaprone position
15 meters from the foxhole, These situations
provided additional data on profici in
firing at movang targets.

The silhouette target displays presented
during the course of the simulated enemy
counterattack provided a series of situations
in which data were obtained on proficiency

forward was ¢ d. As the
squad crossed the assault position, moving
enemy personnel targets appeared and ran
coward the forward edge of the enemy battle
area (FEBA). Data on effectiveness infiring
at _moving targets with rifle and automatic
rifle were obtamned in this situation,

The squad moved forward in a squad hne
toward the enemy FEBA, represented by a
display of silhouette targets and fleeting-
ghimpse indicators backed by scoring panels,
A series of silhouette targets, representing
an ted enemy def in depth, ap-
peared after the squad completed the assault
of the enemy forward lines, The assault
ended when the squad reached a hlltop,
Data on effectiveness of various aspecn of

mn y single and mulhply
pexsonnel-type targets, including ‘‘surprise’
targsts, under various conditions of distance
and exposure time,

At the end of the defense phase, the
squad leader ordered the squad to move to
positions from which approaching enemy
tanks could be engaged. A target tank
traveling laterally backand forth represented
the approaching tanks. The riflemenengaged
the tank with inert antitank rifle grenades,
while the automatic riflemen used inert
3.5-inch roc} Data on prof: in en-
gaging moving tanks withthe respective weap-
ons were collected 1n thn sxmation.

The tank luded the
exercise. Immedntely afterward, each sub-
ject was interviewed regarding his pre-

1t fire, fire &

ment of surprise targets with nﬂe and auto.
matic rifle were gathered,
At the conclusion of the assault, the squad
d4t foxhol ontheob,ectnre.
Each subject was paired with an ‘‘experi-
enced”” squad member who pointed out the
limats of the subject’s sector of responsi-
bilaity, The expected counterattackbegan with
simulated machinegun fire and a display of

luation exp his reacti during
the exercise, and his opinions regarding
certain aspects of training. Also, the abjlity
of exzch subject to disassemble, clean, and
assemble both the M1 Rifle and the Browning
Automatic Rifle was evaluated and scored
through use of a checklist.

Because the exercise was designed and
conducted primarily to g:nher data of slgmf-
icance for the d 13

silhouvette targets, A pr d pr ta
ticn of single and mulhple displays of killable
silhoLette targets at progressively decreas-
ing ranges and for varying durations repre-
sented the progress of the enemy toward the
squad, Some displays raquired shifts of fire
from more distant to closer, more dangerous
targsts.

Luring this action. an enemy 1t

g, the fic resvits of the evalua-
tion are not relevant to this discussicn,
H , with an hange of focus,

data of direct relevance to designand evalua~
tion of items for the Infantryman could hzve
been collected. For example, observations
made during the admimstration of the exer-
cise to Sl rmen who had completed 16 weeks

pr g to 1t the squad’s
Was repr d by a line of fleeti
gumpae indicators which extended acrossail

of indi 1 ing auggest that the pro-
vision of more adequate facilities for carry-
ing hand grenades while crawling over rough
ground would result in less loss of grenades




en route to a suitable throwing position
Ammumtion magazines were observed to
have a distinct tendency to stack in ammuni-
tion pouch with a resultant loss in volu:
of fire~often at critical moments. BAR
firers were relatively ineffective onmultiple
targets ard on near targets when firing from
foxholcs and using the bipod, A rathex awk-
ward body movement secemed to be neces-
sary i order toengage suchtargets. F ~ther
investigation maght revea) factors which could
be corrected by an improved design.

A complete description of the exercise
will soon be lable 1n a2 forth g Tech-

Like conditions may be observed and eval-
uz.ed.

SUMMARY

Two products of Infantry training Tee
search have been described and offered as
potentially useful in the human factors en-
gineering of weapons and equipment for the
Infantryman. Research Memorandum No.
23 provides a complete description of 102
combat performances required of men en-

nical Report. This document will provide an
illustration of how the combat performance
descr:bed in Rescarch Memorandum No. 23
may be evaluated under combat-like condi-
tions. The scope of such evaluations may be
tailored to fit the particular kuman en-
gineering problems of concern. In this way,
the use of Infantry items by individuals per-

in tactical i under combat-

gaged in ground combat. The soon- . >-be
published Tech 1 Report provides anatlus.
trative le of how the bat perform-
ances can be incorporated in a series of
tactical actions during whica proficiency can
be evaluated under symulated combat opera-
tional conditions.

Consideration of these two items by all
those concerned with human factors engi-
neering for the Infantryman 18 invited.




B. INDIVIDUAL CBR PROTECTIVE CLOTHING UNDER SIMULATED COMBAT CONDI-
TIONS by Edmund G. Cummings, U. S. Army Chemical Research and Development
Laboratories, Army Chemical Center, Maryland

L Introduction

The primary objective of this experiment

was to determine whether the M17 mask,

E33 hood, and protective clothing could be

worn and tolerated in the physiological and
1 1 sense for a ¢ s 24-hour

for an additional 48 hours with

ey h &
period and

interruptions only for food, water and
egestion,

Tne second objective was to investigate
probl that the soldier would ter in

sustainming himself while wearing the protec-
tive ensemble for extended periods of time,

The tmrd objective was to investigate
the usefulness of several experimental items,
to develop concepts for future experi

forming heavy exercise. The principal crita-
cism by the investigator of these long-
wearing trials 1s the frequent interruption
for mngestion of food and water. The tolera-
tion point for unbroken wear ofthe protective

ble in a CBR ted area 18 not
known,

II. Materials and Methods

A, Subjects
"TTgFty—-three men from the Directo-
rate of Medical Research Volunteer Program
were selected to participate 1na 72-hour field
test., The men in this group were untrained
for field operations and most of them normally
worked at a desk. Only three of the subjects

items, and concepts for tactical operations
while mien are operating in 2 toxic atmos-
phere.

No attempt was made to estimate casual-
ties that might result from leakage or faulty
material,

During World War I, American forces
were equipped mainly with the British Small
Zux Respirator (SBR} 2n extremely uncom-
fortable respiratory protective device to be
worn during mustard gas attacks, The
physiological limit of toleration of the SBR
was from 6 to 8 hours at low-work rates,
and heavy work forced removal of the SBR
even 1in the presence of gas. Toward the
end of the conflict, the response to the de-
mands for a more comfortable mask resulted
in the introduct of the A i Tissot
Mask,

Following World War I and up to the
present time, continual effort has been di-
rected toward producing a more table
mask. Breathing resistance has been low.
ered, head harnesses modified, and can-
ister position changed. With 3 newer mask
{presumably the American M3), wearing
trials by 6 out of 12 resting men lasted for
48 hours.

The American M17 mask was developed
for increased (a) comfort, (b) protection,
{c) durability, (d} vision, and (e) voicetrans-
mission. Ease of breathing is shown by the
M17’s low-resistance capability, which en-
ables men to exercise at exhausting rates,
wath only a slight decrease in normal per-
formances

In the field trials, the American M17
mask has been worn for 72 hours, with
intervals for food and water consumption.
The XAmerican M17 mask, bood, and im-
pregrated protective clothing have beenworn
under hot weather conditions for long periods
of time, but the insulation of the underwear
subjects men to a high-heat load while pexs
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were d to outside work at a fairly
haigh rate of exercise. Most of the men were
tobacco smokers and three of the group had
head colds. Indications were that the per-
formance of these men would not be as pro-
ficient as might be expected inahighly trained
and orgamzed combat group.

B, Test Program
The entire mihtary activity was de-

veloped and supported by the U. S, Army
Chemical Corps Board, Army Chemical Cen«
ter, Maryland,

The test was conducted at a test
site at the U. S. Army Chemical Center,
Maryland. This field was a cleared area,
approximately 1/4 sq mi, which was to be
defended and held by a group of 17 men
(including the Platoon Commander) known
as the defenders. The field was bordered
on three sides by a thickly wooded area,
which was to be infiltrated by si1x men based
approximately 1/4 mi away. Thesemenwere
the aggressors. On the first afternoon, the
defenders prepared their position by digging
foxholes and sending out patrols. Inthe even-
ing, the first attack by the aggressor forces
occurred. A fifty per cent alert was main.
tained throughout the night.

On the second day, positions were
furth imp d, and g, aft
and evening attacks taok place.

The thira day consisted of a pro-
longed attack in which smoke grenades were
used, On the fourth morning, theaggressors
attacked and withdrew,

C. Eguilement
ach test subject was equipped with
)} PP

the M17 field protective mask, E33field pro-
tective hood, steel combat helmet, CC-2 1m-
pregnated two-piece field uniform and field
jacket, CC-2 impregnated long underwear,
CC.2 impregnated gloves and socks, and field
boots. The M1 rifle, canteen and cartridge
belt were also standard equipment.




On the last day of the test armored
vests were worn by three subjects; along with
disposable protective outer garments The
purpose of this experiment was to determine
whether the mask and hood were compatible
with the armored vest,

Eleven of the masks were modified
with 2 special experimental drinking tube
leading to a canteen {Figure 1L.* The tube
was designed to enable mento consume water
or liquid food, such as soup and milk, without
removing the mask and hood from tae face,
It consisted of two polyvinyl chloride plastic

tubes, one inside the other,

supplied it with pressurized filtered air.
This station, whichaccommodatesthree men,
had openings on one side through which the
head and hands couid beplaced, The subjects
sat on a bench outside the station with head
and hands thrust into the filtered atmosphere
(Figure 3). The subjectsunmasked insidethe
shelter and were gaven 15 minutesto eattheir
rations (Figure 4). Because of thehighern-
ternal pressure of purified a1r withinthe feed-
ing station, there would be notoxic agent leak-
age into the structure. This feeding station
was used by 2ll men at subsequent meals,

In the feeding station C rations were
1

At might, when the amb
ture was cooler, the men wore field Jackets.
They slept in sleeping bags inand around fox-
holes,

D. M&Cﬂ%ﬂ’i

The test subjects were required to
wear the protective clothing and mask en-
semble continuocusly for the first 24 hours.
They were instructed that if, for any reason,
they were forced to unmask, or remove any
part of the protective clothing, even for the
briefest time, they were to 1t the ob-

d to the men and assault radons were
supphed when they ate by the lifting of the
mask and hood method.
F. Measurements
The resting pulse rates of the group
were taken ly in the
0700 and 0800 hours and in the evening be-
tween 1700 and 1800 hours, Thesge were
radiai pulses and were obtainedafter the men
had been stting quietly for 5 minutes while
m.hng out the subjective questionnaire. The
e was prepared by the Psychology

servers, The observers thenwouldtrytode.
termine the reasons for their desire to
unmask, and, if no physiological difficulties

and Human Factors Enginecering Branch,
these Laboratories, and sampled attitudes
toward the protective ensemble. The same

es were distributed in the morn-

were noted, the observers would pt to
persuade the subject to return to thetest.

Since this was a volunteer-type test,
any man was free to remove himself whenever
he felt that conditions became unbearable.
The men were informed before the testofthe
importance of their cooperation. They were
given instruction in wearing the mask and
clothing and had 2 hours of preparatorynask
wearing the day before the test began, but
were untrained in so far as the indivadual
protective equipment was concerned,

E. Feeding Methods

‘Three methods of supplying food were
attempted during the field experiment. For
the first 24 hours, the 11 men whose masks
wexre equipped with drinking tubes were sup-
plied with water and soups, the remainder of
the men were without food or water. After the
imtial 24-hour period, the 12 men without
drinking tubes were allowed to consume their
first meal of assault rations by lifting the
mask and hood for a brief instant, inserting
food or water into the mouthand replacingthe
mask and hood unt:l they had swallowed and
were prepared for the next mouthful (Figure
2). “he men with drinkingtubes atethismeal
in an experimental, protective field-feeding
station,* The unit was hitted with a small
gasoline-powered, collective protector,which

*The experimental drinking tube was mcde expressly for
this test by the Respirator Branch, Protective Develop-
ment Division, these Laboratettes.

‘Fabdo:ted by the Air Filtration Branch, Protective
! Division, these Lob

mg and evening throughom the test penod
When a he d
medical or other attention or was about to
withdraw from the test, his pulse and respira-
tory rates, as well as his oral temperature
were recorded. Furthermore, he was asked
the reason for his wash towithdrawand ques-
tioned about his previous actwvaty, main dis-
fort hing, andhisdesire for

t, case of b
tobacco, water, and food. He was also asked
if he would remove the mask if he were ex-
posed to a toxic phere. If the subject
could not be persuaded to return to the test,
he was removed without being seen by the
Some p
ilizedtoassistin
the feedmg detail in the portable feeding
station,
II, Results

A, Meteorological Conditions and Sub-
Iective Comfort o

uring this test period, the weather
Da:

T 8.

was ay rose from
54° to 74'F. while at mght the temperature
droﬁ)ped to 53°F, During the seventeenthand
eighteenth of October, the sunwasdirect wath
very little cloud cover. Onthe day of the nine-
teenth, clouds bogan tomoveover the test site
and 1t started to rain at 2300 hours,

ubject participation inthe initial 24
hour intervalof continuous mask wear is sum-
manzed m Table 1. Twenty-four men were

o participate as test subjects, but
one refuted to wear the equipment, Of the
23 remaining, 3 had their masks off before 24




TABLE 1

Subject Participation during
First 24-Hours of Continuous
Ensemble Wear

Total participants 23
Pre 24 hour drop-outs, 3
Remaning 20
D for unrehiabiiaiy. 3
Remaining 17

Involuntary mask removal (15 man)__1
Total 24 hour participation 16

hours had passed Three were found sleeping
with their masks removed onthie third mght of
the test, thereby discounted, aithough there
was no evidencethatthese menliftedthe saask
at any time during the first 24 hours of the
test, One man, who engaged in ahighlevelof
actiity, was removed briefly from the test,
because of his elevated resting pulse (135
beats/min) and because he was found to have
an oral temperature of 99.8° F, After sittang
for 15 manutes, his temperature and pulse
~eturned to normal, and he was reanstated in
the test situation, This left 16 menwho wore
the mask continuously for the first 24 hours.
The unmasking occurred at the first

meal, which was served from 1300 to 1530
hours on the second day {18 October). Some
of the subjects were fed using the portable
field-feeding station method and the re-
der ate by ). 1ly Lifting the hood

and mask. Among those utilizing tne feeding

TABLE 2

Unmasked Time, 72 Hour Field Test

October
17 18 19 20

SUBTOTAL*

Hrs, 0 9 0 0
Min, 40 53 53 3
Sec. 15 20 30 )]
Freq. 2/22  6/16  9/16  1/16
TOTAL

Hrs, 3 83 109 78
Min. 5 54 3 3
Sec. 40 18 30 0
Freq. 6/23 12/23 15/23  1/23

*Excludes those relieved from participation

came after approximately 36 to 44 hours of
wear, At this time, beard growth, ingrown
hairs, and acne caused discomfort,

The increase in unmasked time on
the morning of the eighteenth is attributed to
one man who was forced to drop out of the
test for 8 hours b of severe headach
He returned, however, after hisheadachehad
disappeared,

The characteristics and observations
of subjects who withdrew from the test are
given in Table 3, One subject, mentioned
above, returned to the test after 8 hours when
his headache had disappeared. Two of the
other four withdrawals complained of feeling
frightened or closed in during the mght and

tioned feel

station, some of the subjects wore the mask
slightly more and some wore 1t slightly less
than 24 hours The capacity of the portable
station, which was built to accommodate only
three men at any one time, accounted for the
difference in wearing times among the sub.
Jects,

The amount of time spent by all
participants, during the 72-hour trial, is

d

gs o pending death. One
subject, Ru, had no real complaint nor any
real reason for withdrawing from the test,
but he had observed others leavang earlier
and probably wished to do the same. Subjec
Ju claimed to have a sore face but had

P d an unwilling to participate in
the test when first interviewed as a test sub-
ject. Pulse and breathing rates and oral
temperatures of the four men were all fairly

shown in Table 2, The Tabled not incl
the taime spent unmasked for eating, During
the 15~-minute meaitime period taken in the
protective shelter, facial skinabrasions were
treated in the cases where this attention was
required. The test subjects who ate by the
11fting of the hood and mask method required
morze time to consume their meals, that is,
20 to 30 minutes,

The total unmasked time, shown in
Table 2, 2180 includes the wearing times of
the personnel who dropped out of the test,
The unmasked time for those who r ined

1, even though the pulse readings were
shightly elevated after 1/4 ma of walking.
Mask removal occurred in three of the four
cases during the night after the men had
slept briefly. Sleep would account for the low
oral temperatures measured on these men.
C. Liquid Consumption

There was concern among the ob-
servers about the ability of the men to regu-
late body heat adequately when deprived of
the oportunity to ingest water because of
restrictions on lifting the mask. Menwithout
the drinking tube felt particularly thirsty

is gaven in the subtotal, which averages ap-
proximately 15 minutes per 24hours for each
of the 19 men.

Ynints

Y peraod of

after 15 hours of continuous wear. When
these subjects were ailowed to eat and drink
after the 24-hour period, they consumed on

he P
in the men’s desire to remove their masks,

the ge slightly less than 1-1/2 canteen
cups of water (approx 800 mi.).




TABLE 3

Characteristics cf Subjects Withdrawing from Test

Participation H.R, OT, Resp. B, Complaint
Subject Hours b/man. °F b/man.
Re 7 68 97.9 18 felt suffocated
Fr 9 92 97.8 -- vascular headache
D: 9 92 98.3 12 frightened
Ru 25 96 .- 16 daffacult breathing
Ju 17 80 97.8 -- sore face

The men who were provided wath a

average man 173 cm (5 ft 8 .n) tall and

drinking tube d appr tely two
canteens {2 pt} of soup and shightly less than
1 canteen of water during the first 24 hours.
D, Physiological State
In a field trial, the number of ex-
perimental differences increases so as to
make biological measurements highly vari-
able. The resting pulse rate was the most
rehable index of physiological stress that
was applicable to the test situation. The
pulse rates of the subjects are shown in
table 4, There was much varation in the
rates, because there was no control over
previous activaity. Those in the aggressor
group had consistently higher pulse rates
than the defenders, pr bly b this
was the more active group. Two of the
aggressors had resting pulse rates fre-
quently over 100 beats/min,

TABLE 4

Resting Pulse Rates in Beats per
Manute During 72 hour Test

17 Oct{ 18 Oct | 19 Oct |20 Oct

PM (AM PM{AM PM| AM
Mean 81 82 89{83 851 76
High 104 116 108196 100] 98
Low 56 { 60 68168 68| 52
No., 23 20 19|19 19| 19

E. Egestive Activaties

The frequencies and time spent by
men during the test performing egestive func-
tions are shown in Table 5, On the basis of
these times, the skin exposure of men, per-
forming these functions, canbe calculated and
from skin ¢ and vapor tration,
casualty estimations can be made,

During urination, the surface of the
penis is cxposed. Assuming ‘ttobe cylindri-
cal with averagedimensionsof 13.0by 8.6 cm,
the surface area would be 118 sq em.

During defecation, the skin area ex-
posed is irregular, but the regions generally
involved would be the thigh, buttocks, and
genitals., This area may be estimated to be
25% of the total skin surface area. Onthe
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ghing 67 kg (147 1b) the skin area exposed
during defecation would be 25% of 1.77 sq m.
or 4,420 sq cm.

The most any man urinated during
one day was four times, giving a repeated
exposure of 118 ¢cm of skin for a total of 4
minutes and 10 seconds. No man defccated
more than twice a day; the one man who de-
fecated twice would have had an exposure of
4,420 sq cm of skuin area to toxic aerosol or
vapor for 8 minutes,

F. Complaints Concerning Protective
Ensemble

In general, the conditions produced by
the mask and clothing after prolonged wear
were not of a serious nature. The protective
underwear has a tendency to irritate the skun
of the crotch and armpits because of its
roughness and because it hasanacid reaction
when damp, Only one man had acrotch irri-
tation that bothered him 2nough to cause him
to seek some form of treatment.
1V, Discussion

A. Cniticism of Test Procedure

The main criticism of this field
experiment was the lack of constant observa-
tion of each subject during the time of wear-
1ng the ensemble. It may have been possible
that some of the men removed the mask,
lifted 1t away from the face, placed a finger
batween the facepiece and face, or even
removed the outlet valve in order to make
breathing easier. An agent or irritant was
needed in the area in a concentration that
would be a positive deterrent to mask re-
moval ir the absence of continuous observa-
tion,

D. Factors Affecting Wearng of the
Protective Ensemble

The 24-hour g of
the protective ensemble, indicates that it is
possibie for most troops to remain protected
for this interval in combat situations. The
length of the protection interval depends
largely upon the ambient temperature at
which the men are operating, The ambijent
temperature, during this test, did not rise
above 74°F. As illustrated by the results of
Project JACKPOT, an operational group
would have to ingest water {requently, pos-
sibly every 2 to 3 hours, when operating at




TABLE 5

Skan Exposure during Urination and Defecation

Avr. 8, A. Max. Main.m Avr,
cm Exposure/day Exposure/day Exposure/day
min, sec, man, sec. man, sec
u, 118 4 10 1 ) 1 47
D, 4,420 8 [} 4 0 4 24

high levels, at temperatures: 50°F and high
relative humidities, This 18 necessary to
maintaimn high sweat rates for evaporative
cooling. Also, in hot climates, the workrate
would have to be reduced when men wear the
two-layered ensemble to prevent their ac-
cumulating a high heat load.

Under cool and arctic conditions, the
24-hour protection interval could be main-
tained without difficulty, even without water
1ingestion, because heat stress would be min-
imized. Other probl however,
with cold p: might b

In temperate and hot clamates, the
avaxlabxhty of a dnnkmg tube would decrease
the p
mask would not have to be removed from the
facz to permat water ingestion; however, the
drinking tube and availability of water didnot
prevent mask removal in this test, since
three of the four men who withdrew had
drinking tubes,

With suitable relief intervals, the
protective ensemble can be worn for at least
3 days. After this period, the menwho com-
pleted the test were suffering no severe
effects from the ensemble. Physiologically,
they were sound and the nature of the facial
irritations, although annoying to these sub-
jects, was not serious,

Psychologically, the volunteers were
wxlhng to remain masked for another day, as

d d by the quest ires, and the ma-
jorty felt they mxght remain masked indefi-
mtely if their hives were in danger. The
test does not include an assessment of the
effectiven of the protection after 3 days.
Presumably, the mask filters would have
required renewal at antervals if a toxicagent
had been present, Also, the mask seal would
have been less effective after 3 daysbecause
of beard growth. The addition of a pressur-
ized hood would lessen peripheral leakage
and decrease hazards of long-term wearing.

The group did appear to
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engaged in prolonged wear of the protective
ensemble if brief relief intervals were ob-
tained in the field, possibly by means of the
portable field-feeding station.

The reason the maskbecamentoler-
able after a period of wear wasnot primarily
the breathmg d:ﬂ'u:ulty caused by airway

t of the M17 mask
xs low, although the addition of the tightly
preasurized hood does produce noticeable
expiratory resistance. The pressurized ex-
piratory resistance during wear has not
yet been measured,

The major complaints. were those
resulting from pressure and irmtation onthe
head and face., Severe swelling of the scalp,
from impeded lymph drainage, was probably
the cause of the reported headache from mask
wear. Only one man suffered from a severe
headache, although the wrn cnquestionnaires
indicated that over half the men developed a
headache at some time during the test.

In this field test, three of the four
men who voluntarily withdrew can be con-
sidered as poorly motivated, since they gave
no evidence of physiological strain at the
time of withdrawal, Three of these subjects
who withdrewthe first day had masks equipped
with drinking tubes, which indicated that the
alleviation of thirst had hittle effect on pro-
longing mask tolerance.

From questioning the four men who
withdrew, it was apparent that they did not
wish to endure the discomforts of the test.
It was also apparent that the effect of the
dark hours upon mask wear may be a real
problem to anxious individuals, Two with-
drawals similarly described themselves as
waking from sleep and becoming frightened
at finding themselves wath their faces cov-
ecred. The descriptive phrase, “‘feeling I
was going to die,”’ was used by two men.
The anterpretation of this statement maght
depend upon the subject’s acting ability,

higher and pability if
allowed to remove the mask after approxi-
mately 24 hours of continuous wear. It is
quite feasible that the mask could be worn

Quite probably, the 1 of the person at
night during sleep results in increased anx-
1ety about the problems that may be of minor
concern during the daylight hours,

There 18 ind that an

continuously for longer p s

occurs during the firstday of protec-

relief periods of app tely 15 t

as utilized in the test, were important in
alleviating the first peak of complaints, One
might expect greater efficiency from troops
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tive ble wear. Abasisforthishas been
described by Soloviev, that a series of phy sic-
logical adjnnmentn totheincreased breathing
resistance occur in the form of changes in




breathing pattern and in card:ac output. In
this field test, the resting pulse rate did not
indicated adaptation in its pattern of change,
Pulse rates dropped on the last day, but this
may have been attributed to the cessation of
1alitary v ineuvers, Adaption was indicated
by {1} the cessation of withdrawals from the
test a. er 24 hours, (2) the change in breath~
ing patterns as recorded on questionnaires
from short, nallow breaths to iong, deep
brzaths, (°' ar increase in the number of men
who s'e; L alter the first mght, and (4) a
.ecreas. 1 the number of complaints after
the first 24 hours.

C. Effectiveness of Methods of Eating

and Drmkm%
. Drinking Tube

The draniing tube utilized anthe field
program was attached to the mask and can-
teen, The tube seemed to be best suited to
drinking water. Soups and mlk, when sucked
through the tube, had a tendency to spill into
tne facepiaiy, raaking the mask uncomfortably
sticky. The drinking tube would be a valuable
asset to troops wearing the hood and mask
during hot weather, because it would lessen
exposures resulting from lifting the hood and
mask.

2, lafting the Mask

Ingestion of food by the hifting of
the mask and hood method 1s practical in the
f1eld only when acrosols or vaporsare known
to be at low concentrations, Eventhis method
involves the risk of toxic exposure,

3. Portable Field-Feeding Station

The portable field-feeding station
confers additional benefits by enabling the
men to (1) change filter pads, (2) smoke,
(3) obtain relief from mask wear, {4) obtain
tr t for facial ab and (5) shave.
These units, or ones of similar utility, would
extend the tame men could efficiently operate
in the field. The feeding station was highly
praised by all subjects using itduringthe 72-
hour wearing trial,

D. Physiological Condition

The resting pulse rates showthatthe
men were not highly stressed. The type of
stress expected from the e¢quipment would
result from heat storage, attributed to the
layers of per ble clothing, and respi Y
stress imposed by maskr-sistance, Thenew
M17 mask imposes only : slight inspiratory
resistance, but may impuee a relatavely high
expiratory resistance when worn with the
pressurized hood. The field test, however,
did not show the men complaining of, or af-
fected by, expiratory resistance. Heut siress,
under the brent h dat; at the
time of year the test was conducted, was not
apparent nor was it expected. Also, the
period of water deprivation for men with

drinking tubes consumed adequate lLiqumids
wnen masked, [hose without tubes restored
thesr water during the first and second meals,
E Psychological Aspects

Besides physiological stress, there
were nd1 that the personmay
have become emotionally stressed from long-
term mask wearing, especially during dark
hours. This concept 18 exceedingly difficult
to prove, however, from the practical pomt
of view, this type of anxiety might be over-
come by traiming the mento wear the mask so
they can become familiar wath its effectsand
develop confidence 1in 1its use.

F. Prxotectave Clothing

n these tests, the protective clothing
proved its intended worth since there was no
evidence of obvious cuts or tears during the
3-day period of continuous wear, Therewere
skin exposures, but these were attributed to
the carelessness of the wearer. Observers
reported that some of the subjects had skin
exposed at the wrists and the back, where the
shairt had been pulled out of the trousers
during exercise or daring sleep.

Because of the climatic conditions at
the time of year the test was run, where the
mghttime temperatures ranged from 53.5%to
67.7°F, the subjects were required to wear
their field jackets in order tc xemain com.
fortable during the night.

G. Armored Vest

The armored vest might produce a
high heat load when worn with the protective
ensemble in hot climates. In this test, after
one hour’s wear, the clothing of the men was
sweat soaked under the vest.

The E33 hood was worn withithe lower
apron covered by the vest. This greatly
T d he: t 1n all directi
Increased head movement was obtained when
then protective hood was worn with its lower
edge outside the vest.

H. Suggestions for Further Work

Tests to assess the rehability of the
protective ble during prolonged wear
would be important to determine casualty
estimates, This reportedtestdidnotindicate
how many men would be disabled because of
mask leakage, meal preparati mask re-
moval during sleep, or innumerable other
factors., The introduction of anirritant, such
as CS, into a similar test plan would give
valuable information about the protective
barrner.

Additional problems could be en-
countered in climatic extremes, Project
JACKPOT has provided information on hot-

1 robl cold- T b1
have not as yet been investigated.
Hazards ofurinating and defecatingan
a toxic h are known, but practical

drinking tubes was not of a stressing condie
tion, but it might have been a limiting factor
in endurance at higher ambienttemperatures
or higher exercise levels, The men with

solutions to this problem are lacking,
L Mihtary Significance of Data
1. Since the complaints aboutthe dis-
comfort of wearing the protective ensemble
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were heaviest during the first 8 hours
and particularly during the first night, it can
be assumed that a tolerance to wearing the
ensemble was developed, On the sub

days, the men appeared to carry on their
duties normally and in 2 muchbetter psycho-
logical condation. The conclusion, then, would
aprear to be that traiming in the wearing cf
the protective ensemble 18 desirabie Itas
expected that wearing the ensemble for long
periods of tame during exercises or ma-
neuvers will confer three main benefits upon
the troops so trained These are. (altroops
would become famihar withthe equipment and
devclop confidence m at, (b) they would develop
a tolerance forthed d with

The method. listed above canbecon
sid-red as those ‘o be employed from rear
areas to the actual line of contact. The last
method 18 the most hazardous, primarily
because of the possibilities for food contami-
nation and for contamination of the inner side
of the hood or the mask while Lifting and
replacing them. The hazard from vapor
would be increased in proportion to the total
amount of tame that the hood and mask were
off during eating. Also, the possibihity for
leakage through the seal of the mask to the
face would increase with the numberoftimes
the hood and mask were hited, Development
of a one-bite package, cpened readily in a

wearing the ensemble, and (¢) they would learn
to perform mission tasks more efficiently
while wearing the protective ensemble.

2. This test was conducted during a
mild season in a temperate zone. In hot,
humid weather, the problem of heat would be
s1gmf] t, Inthis t: there would be
the problem of so pacing the task perform-
ance as to prevent heat exhaustion. This s
normally done even without the protective
ensemble. Activaty injungle anddesertareas
presents limatations, which the human body
could not endure.

3. The requirement for water as-
sumes a much higher priority than that for
food. This 18 particularly true as the tem-
perature rises. The concept. of supplying
water through the mask by the use of the
drinking tube shows promise. The item
would have to be engineered sufficiently to
withstand hard field usage. The use of this
item for hiquid food, such as milk and soup,
tends to present a samtary problem inside
the mask, For this type ofuse, the tube does
not appear practical.

4. As aresultofthistestand chamber
tests that have dealt withthe problem of eating
within chemical contaminated areas, at this
time the most promsing methods appear
below in descending order of capabality:

a, An uncontaminated shelterinto
which men are brought to be fed only after
they have been decontaminated.

b. A shelter within which con-
tamxnahon e heid to a mimmum by air

gh i ion barrier or a

collectwe protector umt,
c. shelter within whxch con-
tam.nation is pr 1

that would preclude cuntamination,
could reduce this hazard sigmifaicantly. Also,
the use of this method would be restricted to
those troops who could not be relieved at
least once during a 24-hour period to eat in
a pressurized station simalar to the one
tested. The hfting of the hood and mask
method would be utilized directly to the rear
of the forward edge of the battle area and
within walking distance cf . Further to-
ward the rear, more sophisticaied methods
for eating in contam:nated areas could be
devised. The umts used for this purpuse,
mcluding the most elementary types, could
also be used for arest, shave, or examination
of the eyes for miosis,
V. CONCLUSIONS

Sixteen of twenty-three subjects worethe
M17 mask, E33 protective hood, and per-
meable, impregnated CBR protective clothing
continuously for a 24 hour penod, while en-
gaged 1 a At
mealtimes, after the first 24 hours, the men
were allowed to remove the mask for inter-
vals while in a protective field-feeding sta-
tion, and the wearing trial continued for a
total of 72 hours. Eleven masks were modi-
fied with an experimental drinking tube,
whach led to a canteen, The test was con-
ducted duringt the month of October. The
temperatures at the time of the field trial
ranged from 53° to 74°F.

The following i we:

1. The test indicated the feasxbxhty and
practicability of bat
an unbroken protecnon mterval of at leas! ’4
hours in a it h
undue physiological stram caused by the
present standard protective ensemble, This

hed

d by
pressere generated by tanked air or a col-
lective protector unit.,

d. A shelter into whichmenthrust
theu— heads and arms, contamination bemg

d by posit; internal pr as in
the expenmental station tested,

e. Eating by temporarily lifting
the hood and mask, holding the breath, taking
a bite of food, returning the mask, then the
hood, clearing the mask, and swallowing the
food.
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pally to perate-climatic
condmons.

2. Healthy men who attempted to escape
from prolonged wearing of the M17 mask did
80 because they were poorly motivated or felt
the mask restricted their breathing. During
test situations, the most poorly motivated
persons may remove the mask during the

nighttime; some men may remove the mask
unconsciously while asleep. Subjects who
would remove the mask in gassed areas for
reasons of comfort are usually ignorant of




the danger to which they would be subjected.
Experiences reported in World War I:ndi-
cated that, even in trained groups, casualties
did oceur because of this practice,

3. The drinking tube is a practical con-
cept in mask usage, butits utility value ap-
peared to be restricted to the ingestion of
watrr. The tube should be protected so that
1t does not break off or catch onto any type
of obstacle.

4, The portable ficld-feeding station was
found to be practical and a morale booster,
because it allowed the subjects {a) a brief
respite from wearing the mask, (b) time to
smoke, and {c} time for treatment of facial
irrtatior=.

5. Traimng in wearing the protective
cnsemble continuously for 24 hours 1sdesar-
able for the purpose of enabling troops to
become familiar with the capabilities of the
equipment, to develop tolerance to its dis-
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conforts, and to learn to perform their mis-
si1ons tiy whele bered with the
protective ensemble.

6. Prolonged mask wear produced minox
irritations and abrasions on th. skin of the
face and neck. Severe. eadache, onceamajor
deterrent to prolonged 1askwear, 18 reduced
by the new M17 mask design.

7. The red d breath r t and
improved design of the M17 maskappearedto
be the most amportant factors contributingto
the ease of prolonged wear.

8. Men slept less soundly than in their
usual habit when wearing the mack and hood,
and there was a tendency for leakstodevelop
during their sleep.

9. While the wearer slept, the pres-
surized hood collected condensed exhaled
mossture, which soaked the chest and back
when he arose.
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C. EXPERIMENTAL DESIGN FOR USER REVIEW OF CAMOUFLAGE FOR THE INDIVIDUAL
COMBAT SOLDIER by A. H. Humphreys and DavidL. Gee. U. S. Army Engineer Rosearch
and Development Laboratories, Fort Belveir, Virginia

The experiments on which this paper is
based are a part of ‘ne User Reviewof Cam-
ou.iage for tne Individual Combat Soldier in
*he Field, The experiments, using visual,
anfrared and radar detectors, were designed
to provide reliable information onthe detect-
ability of varioas combat umforms upon which
QMRs for research and development of future
uniforms and personal equipment may be
based

The U. S. Army Infantry Board was as-
signed the responsibility for the conduct of the
experiments, and the U, S, Army Corps of
Engineers, Quartermaster Corps, Signal
Corps, and Infantry School were responsible
for techmical gurdance and material used in
the experiments, The experiments were
conducted at Lae Ficld and vicinity at Fort
Benmng, Georgia, during the month of May
1962,

Previous experiments in the camouflage
of individuals have for the most part been
confined to visual observation, This workin
the past was highly subjective and the data
o*tained qQ ly were 1nfl d by
personal opinion and other factors, The ex-
periments on which we are reportingutilized
an experimental design through which per-
sonal opinions and prejudices should be over-
come. Such an experimental design has nct
heretofore been attempted in this ficld of en-
deavor and thus 15 also an experiment within
the User Review,

Six different uniform ensembles were em-
ployed in the various daytime experiments—
British, USA OG 107 with soft hat and barndo-
leer, USA OG 107 with helmet and webbing,
USA ERDL 1948 Camouflage pattern, Marine
Corps Mitchell Camouflage pattern, and Khala
No. 1 (Figure 1). Two other umforms were
used only in the mght experiments—-OG 107
with an mfrared pattern and OG 107 with 20%
infrared reflectance, Allsubjects wore cam-
ouflags face pamnt on their hands and faces,
and were nstructed to place themselvesin
positions witn a cleai view tothe O.P, Either
helmet covers or fohage were used on hel-
mets, and rifles were wrapped with burlap
strips to reduce weapon shine,

Doservers employed in the User Review
we, ¢ 21 enlisted men and cne officer shown.a
Figure 2,

All of the experiments were conductedon
or 1n the vicamty of Lae Field, A diagrams
inclosed as Figure 3. The 12-day experiment
used ranges from 500 to 1800 meters, Night
experiments were conducted on ranges of 100
to 603 meters without moon, and on 100 to
1,000 meters wath full moon. The far range
experiment was conducted on three ranges
diagonal to the hine of sight from 2580 to

3248 meters, Each range as shown on ihe
diagram had two range guards, two tele-
phones for secure 2-way communication w.in
the OP Controller, a loud speaker system,
and two range pancls {ene on rather side of
the center secter).

Tae program was designed to be com-
pletely random 1s showr in a typical day
(F:gure 4). Ranges (distance in meters),
postures {prone, standi.ag, kneeling, walking
laterally, waiking forward) and uniforms
were randomly presented andthe distribution
of men across the sectors was also random.
One complete seriesinthe i2-day experiment
{s:ix uniforms at six ranges for both morning
and afternoon cbservation) required 6aaysto
con.plete. Thus, 12 days were required to
complete the experiment and perform onc
replication,

The OP Controilar controlled the entire
exper:ment from a detailed plan, and each
range guard had a plan for fas range. The
Field Controller also had a detatied plan for
ecach day’s operation and served as the
manager and “‘trouble shooter’ down rangd.
The OP Controiler or an assistant read over
the field tclephone the programs for each
observation at each range prior %o the ob-
servation, ard the range guard at tne appro-
priate range confirmedtie random placement
of subjects, postures, range andumiform, and
also confirmed the readmess ui nis range to
proceed

Each observer was placed at a smail
table enclosed by a booth The front panel of
the booth was fitted with a standard window
shade on a roller. The observer raised this
shade during his observations and icnered 3t
{0 obscure the range between observations
All observers were cautioned not to discuss
observations with anyone during the course
of the experiments. The observer recorded
his observations on a reaction sheet (Figure
5} which was provided, in duplicate, for eacn
set of six observatiors. At the be,inning of
each set, the observer entered nmis name and
mode of observation. He alsn entered the
observation set and tirae which was proviced
by the OP Controiler who was situated in 2
tower immediately behind the cbservers
{Fagure 6),

Upon a signal from the OF Controller the
two range guards erected the rangepanelson
either side of the center sector of the range
in operation, e.g., Range A, 500 meters, The
OP Controller then announced over the loud
speaker system to the observersand subjects
down range, the time and range. The observer
entered thisinformationonhis reaction sheet.
The OP Controller started the observation




with the command, *Comimencs Obgervation.””
‘The observer marked ¥ number of detec-
tions he made in each sector :n the columns
L, C and R. A1 the end of tae prescribed tuo
mi~utes cbservation time, the OF Controller
commanded '‘Cease Observation.”” Whilethe
obgervers cbserved on range, the OPF Con-
trollez or an assistant prepared for the next
observation, At the end of each set of six
observations the observers were givena short
break away from the observation point while
the subjects Jown Tange prepared for the
next set, Each get of observations required
approximately 30 minules,

The reaction sheets for each set of ob-
servations were coliccied 2ft0r eath set of
s1x olservations and delivered to the data
processing van where they-were scored for
total correct, and {ssions
Tms information wasz then placcd on master
sheets, The experiment control pessonnel
were thus abie 10 monitor the progressofthe
experiment by using the :naster shoets and
megXe any adyustmentd necessary in proces
dures of tho exper:mental design, It ajsc
provided the opportumity to recognize zand
explain or mako adjustments for any unusual
trends in the mformatio:

In addatior to_abil:ty 1o foliow ths data
wann  approximatcly ore hour after any
observat:on, a member of the sxperimant
control team called the Experiment Con-
treller momtored each cbaervation frov tha
Observalion Pont with 7x50 banoculars to
ensurs proper distribvtion and display of
test subjucts, recorded suR angle, cloud
shadows, fime of each observation, and any
unusual phenomena during the observation
{See Faigure 7). When in lus opimon circam-
stances warranted it, the Experiment Con-
troller could instruct the OP Controller to
re-run an individual observation at the end
of a set,

Two other experiments wefe condugted—
the Simulated Ambush Exporiment then the
Simulated Infaltraticn Experiment—employe
ing vamations of the same oxperimental
design.

The Ambush Experiment {See dmagram
{Figure 8} also used vandom dietribution of
subjects, postures and umfcrms, and also

employed three sectors, However, the paneis
ma=-king these sectors remaimned in place
during the entire experiment, The question.
naire used in the 12 day experiment was also
used in this experiment, The major differ-
ences between this andthe 12-day experiment
were that distances were shorter, the ob-
servers were required to record posturesas
well a5 numbers detected, and the obse-vers
were moved from range to range {325 to 125
to 50 meters} whilé the subjects remained
along the assigned fringe of the woods. As
in the case of the 12-day experiment, the
sybjects were nstructed to take pcsitions
with a clear view to the observers (not
screened hy *rees and bushes). Figure 9
1s typical of the program used in the Ambush
Exper:ment.

The Infiltration Experiment exployed four
sectors with fixed panels o divide them (See
Figure 10, A random distributionof subjects
was designtd, but subjects coulaapprarinany
twe suctors 2nd at any of the four ranges from
the observers, The observers were situated
as shown in the diagram and were requiredto
record numbers detected and their postures,
The observese stayed attheassigned position
sut the subjects could be at any range~75,
125, 175, and 225 meters. Figure 11shows a
palt of the progracm used in the Infaltration
Experimant, The reaction sheet employed
was .imilay tc that employed in the 12-day
expsriment except that provision was made
for four sectors.

The curvesincludedinthis paper (Figures
12 thru2l) are immedizto aftex-action results
and show ‘‘percent detections 2< = functionof
range.” These general trends are 2 strong
indication that our method is valid and may be
employed for meaningful experiments and
tests of camouflage for individual soldiers,
These curves place values on the observers’
responses. Such values were not possible
under previous methods which relied on a
word description provided by the observer,

Ths data ccmpiied during the User Re.
view aze being programmed into the RCA 301
computer at Fort Belvoir and we are hopeful
tnat mare refined data will be forthcoming
sooa. Thefinaltechnicalreport onthe Review
1s scheduled for publication early in 1963,
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REVISED
DAY 12
Observation Tame Range Posture Umform Sector
L C R
H 0800 C WL Beta 3 5 2
A w1, Delta 4 3 3
E S Zeta 3 0 K
F K Gamma 4 3 3
B P Epsilon 5 1 3
P wE Alpha 6 1 3
2 0840 F S Gamma 3 2 5
c P Beta 1 T 2
A P Delta 8 1 1
E Wy, Zeta L3 2 2
D K Alpha 2 3 4
B Epsilon 0 2 8
3 0930 B Wg Epsilen 1 1 8
D wL Alpha 3 5 2
F wL Gamma 2 2 [
A S Deita 4 2 4
C S Beta 5 4 ]
E W Zeta 7 1 2
4 1030 C K Beta 2 4 4
E P Zeta 2 2 [3
A wp Delta 4 4 2
B K Epsilon 5 3 2
F Wg Gamma 7 1 2
D S Alpha 1 3 6
5 1110 A K Deita 1 1 8
E K Zeta 2 2 5
[ Wy Beta 0 3 7
D P Alpha 4 4 2
B w1, Epsilon 7 2 1
F P Gamma 3 3 4

Figure 4, Typical experimental program for the morning of one day
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Figure 9. Typical experimental program for
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* ERDL Pattern
Z Marine Std

Set 41
Obsersation Range Umform Posture Sector
L 2. 3 i
1 B ERDL* w 2
C ERDL* s 1
2 A Z K 3
D A S 5
3 D ERDL¥* w 4
B zZ K 3
4 A Z S 2
C ERDL* K 4
5 D ERDL* K 6
A ERDL* S 2
& C Z w 5
B z s 3
7 D ERDL* S 4
A Z w 3
8 C Z K 5
B ERDL* s 4
9 c ERDL* w 4
A ERDL* K 3
10 D 2 K 4
B Z w 2
11 B ERDL* X 1
b z w 5
12 C z S 3
A ERDL* w 1

Figure 11. Typical experimental program for Simulated Infaltration Experiment
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D. HUMAN FACTORS AFFECTING RIFLE ACCURACY IN AUTO AND SEMI-AUTOMATIC
FIRE by james P Totre, Jr., U. S, Army Human Engineering Laboratories, Aberdeen

Proving Crownd, Maryland

{This 18 an unclassafied abstract of the paper presented at the Confercnce,)

Tae U. 8, Array Human Engineering
Laboratories were requested by small arms
designers to specify the effects of various
rifle parameters onaccuracy whenthe weapon
was fired semi-automatically and automati-
cally.

The paper describes several studies
which were conducted by the Human Engineer-
ing Laboratories at Aberdeen Proving Ground
during the past year,

Data were presented

{1} For semi-automatic fire, the ef-
fects on accuracy of three different types of
sights in combination with two types of
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stock configurations for two levels ¢f time
to fire were reported.

(2) For automatic fire, methods of
increasing accuracy were obtained and the
results of studies conducted by Human En-
gineering Laboratories and Ballistic Re-
search Laboratories were presented, The
effects of several rifle parameters such as
impulse, cyclic rate, stock configuration
checking quality, etc., onaccuracy whenfiring
automatically were presented.

Additional studies on this problem
were described and recommended for impie-
mentation.

—




E. OPERATIONAL ASPECTS OF INCAPACITATING AGENT BZ by Richard S, Xneisel, U, S,
Army Chemical Corps School, Fort McClellan, Alabama

The presentation on Operational Aspects
of Incapacitating Agent BZ, tec the Eighth
Anrual Army Human Factors Engineering
Corlerence, 17 October 1962, at the U. S,
Army Infantry Center, Fort Benming, Georgia
Was given un « Classiized basis, The follow-
ing represents an unclassified sumrmary,

The ultimate objective of war 1sto subject
one country’s will to another, This involves
the reduction of a country’s manpower, re-
sources and 1ts will to fight, The foundation
for all of a country's resources is the inner
man,

1he unclassified film ‘‘Armor for the
Inner Man,”’ shown tothe Eighth Annual Army
Human Factors Engineering Conference, de-
picts some of the basic research that the
U. S Army Chemical Corps engaged in
relative to incapacitating agents, The film
describes some of the compounds that were
utihized 1in the tests and describes the re-
actions of the individuals engaged in the
experimental studies, showing specifically
the effect of certain compounds upon a
soldier’s performance and a umit’s perform-
wice in various types of situations such as
marching, artillery surveys, and normal
activaties. Film emphasizes that there 1s a
requirement to provide armor for protecting
the inner man, The incapacitating weapon
system could phllosophxcally be called the

“‘ultimate weapon’ in that it theoretically
causes no permanent physical damage to
man or his materiel. It reduces theoreta-
cally the abihity or will of 2 man to fight,
It allows him, after a reasonable length of
time, the capability of resuming his place in
the scheme of activities,

Incapacitating agents offer a possibility of
gammng control of an enemy where lethal and
destructive weapons systems are not de-
sirable. This incapacitation may be physio-
logical or mental, The incapacitation, in
order to be effective, must resuit in the ex-
posed individual’s being incapable of per
forming his primary mlitary duties for a
mahitarily sigmficant period of time

The agent BZ 13 an incapacitating agent
developed by the Ch 1 Corps and has
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teen type classified as Standard B. Two
munitions to disseminate this agent have
been type classified as Standard B,

As 1n all combat operations, once a
tentative decision to employ the incapacitat-
ing weapon system 1s reached, a detailed
analysis of the situation, viewed in the light
of target requirements and capabil..es of
the agent and munitions, must be undertaken,
Such factors would include the following
location of the target,: ature of size and shape
of the target area, the nature and tempera-
ment of the target population, time of attack,
meteorological conditions, techniques of
attack, mumtion and delivery requirements,
exploitation requirements, and safety factors,
The characteristics, capabihities, advantages,
and limatations of incapacitating agent BZ
and its associated mumtions and delhivery
systems would be an integral part of the
planning actavities and the ultimate employ-~
ment of the agent,

Incapacitating agent BZ has temporary
physical and psychic effects sufficient to
prevent an individual from going about his
normal duties, The 1ndivadual recovers in
a matter of hours.

With the broad concepts of incapacitating
agents in ynind, paying particular attentionto
agent BZ, Human Factors Engineers should
consider that a new dxmens:on has been 1n-
troduced into the This new
battlefield concept requires recrientation on
the part of all personnel associated with
malitary activaties,

The use of incapacitating agents gives
rise to many problems that Human Factor
Engineers can assist in answening. For
example How will casualties of incapacitat-
ing agents be treated and handled? What
sort of specialized equipment can be devel-
oped for handling BZ casualties? What type
of training problems need to be solved when
considering incapacitators? Each partici-
pant in the conference should bring his
thoughts to bear on the new field soas to see
how his own special area of interest might
be affected by the introduction of incapacitat.
ing agents into battlefield operations,




F MANAGEMENT OF THE U S ARMY HUMAN FACTORS ENGINEFRING PROGRAM FOR
THE PERSHING WEAPON SYSTEM by John R. Enckson, U 8. Army Human Engineering
Laboratories, Aberdeen Proving Ground, Maryland

Several vears ago human factors engi-
reering personnel and missile system ~-
signex s daffercd concerning the pointindevel-
opment of a system at which human factors
engineers should be brought into the design
picture to assure compatibility between the
soldier and the equipment of large, complex
weapon systems, During this period of the
past the Human Engineering i boraloriec
{HEL) were not requested to ctvaluate a
system until the system was ficlded or in
the final design phase. The resalts of these
evaluations pointed up many deficienciesthat
should have been corrected, Design person-
nel generally adopted the view that had these
deficiencies been pointed out earlier in the
development cycle they could have been
corrected, The cost at this point in time
was prohibitive, therefore the change was
withheld until such time that 3 major modi-
fication warranted the cost of incorporating
the change recommended by the human en-
gineers

This situation was, of course, unsatis-
fac ory to all concerned. A solution was not
forthcoming until the US Air Force refused
to accept the JUPITER Missile System, in
part, because of the excessive number of
human engineering deficiencies in the ground
support equipment, An outcome ofthis action
by the US Aur Foice was the d to give

affected the design of the operational aspects
of the system and to be prepared to con-
tribute facts bearing on the operator’s capa-
bilaties and lamatations

3 It was the resp bility of the H
Engineers to bring to the attention of the
Director of SSEL any problems conce” ing
Human Engineering for which the HumanEn-
gineers could not obtain a satisfactorv sola-
tion,

4, Although SSEL held primary responsi-
bility for system design and development to
the PERSHING W eaponSystem Office, ABMA,
deta1l design was performed by the prime
contractor, sub-contractors, other labora-
tories within the ABMA, other Ordnance
Cofnmands, such as Picatinny Arseral, and
Ordnance Tankand Automotive Command, and
other téchnical services, primarily Corps of
Engineers and Signal Corps. The Human
Engineers were respoasibile to the Director
of SSEL to insure that the potentiaioperators
were given adequate consideration in the de-
signs generated by all participants, and when
the individual designs were put together, the
Army would have an ntegrated systemwhich
could performthe mission specified wathinthe
requirements of the Military Characterastics
with a mimmurm traimng requirement and a
m requarement for speciahized per-

HEL authority to evalyate and recommend
Qesign changes which would correct the human
factor deficaencies, One year later the vast
majority of these deficiencies had been cor-
rected, the Air Force accepted the JUPITER
System and the Human Engineering Labora-
tories had convincingly demonstrated that
they could make a contribution to the design
of missile systems.

During termination of the redesign effort
on the JUPITER System, the Director of the
System Support Equpment Laboratory (SSE L}
of the Army Ballistic Missile Agency (ABMA)
invated HEL to develop and manage a human
engineering program for the design of the
PERSHING Weapon System (See Figures 1
and 2). The offer was acceptcd and the Human
Engineering Laboratories were launchedona
majcr deve'opment program at the beginmng
of the design effort. I think it advisable at
tms fime to specify the ground rules by which
the human engincering program was governed,

1. For all intents and purposes Human
Engineering for PERSHING was established
as a brai ch of the System Support Equipment
Laboratsry of ABMA with status equaltoother
branches of that laboratory, However, the
personnel remained employees of HEL,

2. It was the resp bility of the Hi
Engineers to attend alldesignmeetings which

sonnel

5. This would be pramarily an exercise
in Applied Human Factors Engineering. By
this we mean that the Human Factors En-
gineer would act as the briage between the
Human Factors Research specialist and the

P! cystem designer, Ancther way to
statc this 1s that this was¢ a four-year de-
velopment program, We started with two
Human Factors specialists—one a psycholo-
gist, the other an engineer. The pace of
the program and the staffing would not per-
mit many, if any, formalized studies, in the
classical sense. The majority of decisions
and inputs would have to be made on the spot
with hittle time for cogitation but much time
for regret. In order to make intelligent ““on-
the-spot”” decisions, the human factors spe-
cialist had to have a wealth of experience and
a thorough knowledge of the field of human
engineering, He would have to be able to n-
terpret results from previous research into
applicability tothe present designproblemand
then present this information to the design
enginer in a manner which the enginesr
would accept. In addition, he wouldhavetobe
able to pace the programand anticipate prob-
lem areas, early enough to permat obtaining
an answer, in time to influence the design
decision.




The following approach was taken by the
dyman Engineering Laooratories personnel
to discharge their responsibility tothe Darec-
tor of the System Support Equipment Labora-
tory.

1. Prowvide guxdancctoreprcsentanvesof
other technical services on the design of
PE {SHING geculiar eguipment for whichthey
.0old development responsibility, namely the
Power Stat.on and the Radio Termimal Set.

2, Frovide guwdonce to other Oranance
Commands ~n the design of PERSHING pe-
culuar components for which they hold de-
veiopracnt Tespensibilaty, namely the war-
head, its tests equ'pment and contaner, and
the svstern vebicles,

3 Participate in ali design meetings
betwsen Avmy Ballistic Missile Agency pex-
sonnel «nd the contractor, whenever the
agenda included areas of mnterest to human
{actors,

4, Develop a close, personal working
relatioaship witn the contractor’s human
Zactors engineering group to .nsure that they
are participating in the detailed design ofthe
system on a continuing day-to-day basis and
to uncover unsolved design problems of a
auman factors natere s order to bring about
a solution as early as possible

5. Develop a close personal working
relctionship with the following cogmazant
engineers at ABMA.

a Electrical networks engineer for
both ground support and airborne equipment,
This was important because the electrical
networks are ihe roau maps of the system,
they describe the flow c¢f commands ana
responses, as well as the flow of information,
and they are the means by whichthe operator
controls hic system. The electricalnetworks
engineer alsc develops the layout of control
panels and the arrangement and configuration
of electrical test and checkout equipment.

b. Computer engineer. Inthis sys-
tem, comratation of the firing problem and
transrmssion of this information to the air-
borne equipment 1s the responsibilaty of com-
puter engineer. This engineer hastodevelop
the means by whichthe soldier communicates
with the computer, how he adjusts, repairs,
and determines faalts in the computer. He
also determines the requirements which wall
be placed on the soldier andthe requirements
which will be placed on the computer,

¢ Handling equipment engineer. Me-
cnanscal design engineers are responsible for
tn2 develop: t of the h t

d, Azimuth Laying engineer, Thisas
the other area wnere tne soldier canmake or
break the system Physicists, mechamcal
and electrical engineers combine their talents
to develop, to the hmmtations of Jhe state of
the art, the equipment required toaccurately
lay the mussile.

e, Systems Engineer. The systermrs
engineers are responsible for over-all sys.
tem integration, particularly as concernsco-
ordination with Ordnance Tank and Auto-
motive Command for vehicles, Signa? Corps
for tinn eq and Corps of
Engineers for power generating equipment
and other items such as winterization kits
and shop sets.

It was not long before 1t became apparent
to all concerned that in order to insure 2
uniform and systematic apphcatior of human
factors criteria to the design of this system,
an official ¢ t spelling out these cx-
ter:a was reqmred As a result, the con-
tractor’s human engineering persc.anel and
representatives of the Human Engineering
Laboratories jointly developed z document
which later became known as HERSHING
Development Specifications for Weapon Sys-
Tem Human Factors Design Criteria, Speci-
fication No ABMA-XPD-844. Thisdocument
was staffed taroughthe System Support Equip-
ment Laboratory, PERSHING WeaponSystem
Office, and concurred 1n by the Guidance and
Control Laboratory and the System Analysis
and Rehability Laboratory of the Army Bal-
histic Missile Agency Incidentally, to the
best of our knowledge, tms was the firsttaime
that a human factors sprcificat.cnwasdevel-
<ped for and used throughout the development
of a major Army Weapon System,

About the tr.ne that the nced for a Human
Factor Criteria became apparent, 1t also
became apparent that a full-time representa-
taive was requred at ABMA io act as our
liaison AS a result,one of HEL's represent-
atives was placed on extended TDY 10 ABMA,
At a later date, a JumanFactors Engineering
Requirements Coordination Office was estab-
lished at ABMA, This office has recently
been incorporated into the Engineering Re-
quirements Coordination Office, whnichinturn
1s a staff office of the Director of Research
and Development for the Army Missile Com-
mand.

To recap the foregoing, we are able to
manage the Human Factors Engineering Pro-
gram fo the PERSHING Weapon Systean

required to assemble, transport, and fire
the missile, This 1s the area in which most
of the system's manuil tasks will be per-
forms¢, and 1t 15 in this areathatinformation
relative to the scldier’s physical character-
istics 1s required Thas 1s the area in which
teamwork witrin the firing crew v.il be very
important and this 13 one of the areas where
the scldier can make or break the system.

1. Repr ves of the H En-
gineering Laboratories provided guidance to
other Army Technical Services,

2. They provided gmidance to other Ord-
nance Corps agencies,

3, They monitored the contractor’s hu-
ma, factors efforts,

4 They worked directly with the de

signers at all ph of systemdevelop t
g Y
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5, They were accepted by the army
Ballistic Missile Agency as a part of thear
design team.

6. AH Facters Develop tSpeci-
fication was prepured early in the design ef-
fort and has been utilized throughout the pro-
gram

. A Human Factors Engineering Re-
qurement Coordination Office was estab-
lishea at the Army Ballistic Massile Agency.
Incidentally, this office appears to be develop-
g a capability to handle more and more of the
apphed human factors responsibilaty in the
development of Army Missile Systems,

It may be appropriate to spend a moment
to reflect on the differences in the roles of a
human factors engineer when employed by the
Army as opposed to being employed by a
contractor,

I believe that in both instances the indi-
vidual human factors engineer is ultimately
responsible to the soldier toprovide him with
a system which he 1s capable of operating :n
all types of environment with a mimumum of
training.

The major difference in the two positions
1s that the contractor’s HumanFactors Eng:-
neer 1s responsible for detail design, thatis,
nuts and bolts, knobs and dials, accessability,
ds.ermining operating times and operating
forces for all components of the system as
they are being developed.

The Army’s human factors engineer 1s
responsible to provide direction tS overall
effort, determine compatibility waththe Army
system, logistics, operation, tramning, etc.
The Army’s buman factors engineer should
also participate 1n the test and evaluation of
the system. I believe that he should be re-
quirea to train a crew to operate systemn
components as they become available and
later opsrate the system in a tactical con-
figuration to insure thatthe Army is obtaining
the system which it requares,

Steps which have been taken to improve
the effectiveness of the contractors Human
Factors Engincers includes: (1) requiring
detailed accountability to the project office
for ali commcrnts generated by the Human
Engincering Laboratories representatives,
(2) active participation in formal presenta-

tions to the Army, such as PERSHING
Component Exhubats, (3) formal Human En-
gineering meetings, (1) Human Factors De-
lop Specficat 5) Ord Pro-
curement Instruction which directs the
contractor to consider the human factor in
the developimnent cycle, and (6) frequent con-
tact with the Army’s humanfactors specialist
responsible for the system under develop-
ment,
Steps which have been taken to improve
the effectiveness of the Army’s humanfactors
engineers include,

I. The acceptance by the Acrmy Missile
Command of HumanEngineering as a contrib
utang member of the design team.

2. The recogmtion of the need for and
the development of 2 Human FactorsSpecifi-
cation, ABMA XPD-844.

3. The development of a capable Human
Factors Engineering Requirement Coordina-
tion Office at the Army Missile Command.

4. An Army Human Factors Program
which reflects, in the area of weapon system
development, experience gained from the
PERSHING program

5. An increased awareness of the de-
sirability of closer coordination between the
Human Engineering Laboratories, Army Per-
sonnel Research Office and HumanResources
Research Office.

In y, I have d d the fol-
lowing areas as related to managing the con-
tinuing evaluation of the development of the
PERSHING Weapon System:

a. T' e Human Engineerng Labora-
tories defamtion of APPLIED HUMAN FAC-
TORS ENGINEERING,

b. Approaches takento coordizate the
human factors engineering activities at the
several Army agencies holding design re-
sponsibility for portions of the system and
momitor the efforts of the contractor’shaman
factors engineering group.

¢, The roles filled by the Army
human factors engineers andthe contractor's
human factors engineer,

d. Steps which have been taken toan-
crease the effectiveness of coth types of
human factors engineers.
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A. AN EXPERIMENT IN QMC SYSTEMS RESEARCH by Aleaander Levis, U,

master R&E Command, Natick, Mass.

INTRODUCTION /

D BACKGROUND

In military operations, the performance
of men worlking as a team or crew 1s of
evir-increasing importance. Smaill unmits
such as squads, gun crews, mineteams, <tc.,
historically have formed the basic human
composite for military tasks, and as contact
with remote geographic regions continues,
the value of the small, integrated, and self-
sufficient unit becomes evenmore important,
Recent activaties in the Far East have re-
emphasized the value of smail groups of per-
sor. 1, Moreover, in Polar Regions par-
ticularly, it 1s expected that such 2 unmit (4-8
men) will work together, cook and eat
together, and share the same shelter, Ye!.

S. Army Quarter-

individual atems with hittle emphasis onover-
all system effects.

In 1959 an opportunity was presented for
studying small milaitary groups operating over
the Greenland Ice Cap [1}], always a logistic-
ally formidable problem. Probablythereare
not many other portions of the earth inwhich
the capaoilities of men, equipment, and or-
ganizations are stressed by unusual extremes
of climate and terrain as they a2re 1w thas
Polar Region. It was felt that in sucha
situation some information could be deve_ oped
on the following questions

a, Can operational factors influencing
logistics at the lowest unit level beidentified
and measured objectavely?

b, What 1s the relation of small system

at present, available infor on
ments of groups of mihitary personnel ap-
pears to be .mdequate whxle much research

ts to an overall objective measure-
ment of effectiveness of the entire system?
¢. Can a methodology be developed to

has been & d on 1 perfor
much less systematic work has been ac-
comphished on small group and small system
performance measurements [2].

If you have been to the Archc. I need not
emphasize the b lothing and
squipment which are essenhal merely for
survaval. For example, for a small opera-
tional unit, precise planning of an integrated
assemblage of rations, fuel, shelter, clothing,
and operational tools is always necessary.
Moreover, considerable effort and time must
be expended ia procuring and assembling the
myriad of required items and components
from supply sources because of the manner
in which these items are stocked. In spite
of continuous efforts of Quartermaster Corps
scientists and engineers to reduce the num-
ber of nems used in military operations,

ing requir ts produced
by chargea mn mxlitary and technologxcal
d th

Quart ter Corps ts on
a system basis?

CONCEPT AND PROCEDURE

As was imphied earlier, the complexity of
modern rmlitary technology has intensified
the need for system engineering. Even
though individual components may satisfy all
of their specifications, they may not fulf:ll
their function when combined as a system, In
general, a syster isdefinedasanassemblage

of objects functioning in interaction. In this

study at xs specx{xcauy an xnhmate interaction

of and groups

of men workmg to accomphsh a common ob-
jective in an extreme environment.

The concept of the system investigatedin
this study 1s illustrated in Figure 1, Three
discrete objects are distingumshed as the

tend to 1 of

dent the

equpment required for the carc and feedi
of troops. However, some progress has
been made. For example, tariffs of clothing
sizes have been reduced, tentpole-stovepipe
combinations have been tried, and 2 wuni-
versal single combat unmiform has been pro-
posed {3].

One of the problems frequently experi-
enced is hat the evaluation of a new item or
requirerrent 1s generally developed from
measure nents and analyses based on the
relative . ~ents of comparable items, More-
over, the parameters which help to define
Quariermaster system design criteria are
seldom specified, In the past, research has
beer carried out witha focusonthose psycho-
logical, physiological, ard biophysical pa-
rameters which are based upon the limita-
tions of the 1mdividual rather than the group.
Likewise, tests and evaluatics  of materzel
have tended to focus on the . .atations of

n

interdep system components.
dule, the and the tasks. The
module identifies a basic group consisting of
s1x men. In this experiment the module,
hereinafter called the group, was the basic
decision-making umt and 1n addition per-
formed the essential mihtary tasxs. The
fter called a or
materiel systems, were used by each group
during some portion of the experiment.

The traditional basis for selecting a sys-
tem of -tems has been to determine how well
1t protected one from environmental stress;
however, the design and selection of system
components may also be based on reduction
of the lcad placed on support systems. This
latter altermative was the viewpomnt em-
phasized in this investigation, Thus, the
measurement of fuel and food energy inputs
was used as an index of relative load value
placed on supporting systems. The value,
however, cannot bz judged on this factor




alone, but must be related in some way to a
measurable output which 1s representative
of the operation of the system as a whole.
The tasks designate related networks of
daily actions i which groups of personnel
and bl of equip t interact to
accomplish a standard objective measursd
in s‘andard umts of time, distance, and
mass.,

The study was carried vut on the Green-
land Ice Cap near Camp Fistclench, at ap-
proximately latitude 76'59'N, longitude
56°4'W and an elevation of 7,000 feet. Fig-
ures 2 and 3 illustrate the conditions typical
of the area, as wellasthefacilities developed
to support the conduct of the study in three
separate areas which were 1solated from
each other. The study was conducted during
a six-week period from the middle of July
10 the end of August. This period of time
was selected for the imtial studyto rmimmize
exposure to extreme environments associated
with seasonal changes. Nevertheless, this
time frame gave adequately variable and
increasingly severe climatic conditions fora
reasonable study. Figure 4 shows the en-
v tal conditions ed durang the
six-week persod of the study. Note that
temperatures above freezing were encoun-
tered for a very short time duringthe second
peciod, and the decline intemperatures below
freezing continued thereafter. The low of
minus 18'F occurred during 2 non-
experimental day.

The plan for the study included three
P bl blag quip t typical of
those intended for use by mlitary umts that
will Live and operate inthe Arctic environ-
ment. Three groups of six men (Alpha,
Bravo, Charlie, Table I} were associated
with each equipment system used to ac-
complish a series of tasks on which meas-
urements could easily be obtained, Each of
the materiel systems was used by each
group for six days. Daring this period each
group followed a schedule of controlled
activities. At the completion of 2 cycle (1.e.,
three weeks}, during which each group usea
all three systems s1« days cach, theper-

for

The groups were orgamzed from vel
.nteer military subjects, Each of the groups
was composed of one officer, one non-
commissioned officer, and four enlisted per-
sonnel. The characteristics of groups are
shown in Table I. Physical conditioning,
pretesting, and orientation took place at Fort
Lee, Virgima, Indoctrination in the use of
equipment and procedures took place on sate
in Greenland,

The materiel systems were selected on
an empir_cal basis to provide three levels of
accommodation which differed in the t de of
shelter, food, and heat.ng equpment used.
Each materiel system was divaded into five
subsystems toobtainmarageable groupings of

P ts. These § sonal groupings in-
clude (1) clothing, {2) shelter and protection,
(3) heating, (4) food, food service and sani-
tation, and (5) operational equpment. The
nateriel systems used were himited toitems
of QMC cognizance. Therefoxe, weapon sys-
tern components were not included, An ex-
ample of a major difference between systems
1s illustrated in Figures 5, 6,ana 7, Althougn
several designs of thetype of shelter shownin
Figure 5 were preplanned and available, the
groups were encouraged to and did apply thear
ingenuity to create their own in_situ type
shelter design and their own construction
procedures.

Wherever possible, tasks and environ-
mental conditions were equated for all three
groups. The control of activities involved
grouping daily tasks typical ofthose required
of United States military personnel operating
in such an environment. These activaties
provided for two types of exper:m.ental days
one nvolving individual load movement as
shown n Figure 8, and the other involving
load movement by the group as pictured in
Figure 9. The study wasdesignedtoevaluate
the threc types of assemblages as well as to
provide measures of the interaction betueen
the groups and the materiel systems.

Instrumentation was limited to that re-
quired to measure time to accomplish tasks,
weight, volumes, and distances. Subjectave

ts were obtained through ques-
t s, diaries, and interviews (1)

sonne! of each group were T d 1nto
threec new groups, ore of which had to be
eliminated from the study for medical
reasons, thus leaving data on two groups for
the second cycle (Delta, Echo, Table 1),

TABLE 1

Average of Group Characteristics

Age Height Educ  Weight

(Years) (Inches) Level (Pounds)
lpha 23.2 68.6 11.0 163.0
Bravo 23.2 69.2 12 153.4
Charlie 20.% 70.0 10.8 161.2
Deita 19.6 70.3 108 164.2
Echo 22.0 69.2 11.0 156.2

2

RESULTS _AND EVALUATION

In this study, emphasis was directed at
obtarning measurements which could be used
te 'rscriminate between the effectiveness of
each system as a complete, integrated unit,
This was accomplished by studying the out-
puts produced wath each system and the in-
puts required to maintain or support each
system,

COutput

Three categories of output effectiveness
were assumed. These involved measare-
ments to obtain hab 1, restor: 1
and operational characteristic values.




The first (habitational) involved, summa-
tions of time to accomplish all jobs related
to merely lLiving in the environment, suchas,
erection and dismantling of shelters, prep-
aration and consumption of meals, personal

mamtenance, etc  Values for this category
were found to be toocomplex and inconsastent
becaise of inadequate time keeping, This
occurred because of some overlapping of
activity tame and isufficient instrumentation,

The second category (restorational) in-
volved the physiological effect of the materiel
systems upon the groups as reflected by the
net loss or gaim in pody weaght for each
period. The weaght Joss ox gainofthe groups
using the different assemblages under the
experimental conaitions indicated a trend
favoring the group shelter design. The net
losses for systems A and B over the total of
experimental periods were 4,5 pounds and
6.8 pounds, respectively. Groups associated
with materiel system C had a netlossof 22.3
pounds.

To the third gory, criteria
of the operational output advantages of one
system over another were evaluated. Ac.
cordingly, the rates of movement of groups
when using the different materiel systems
were studied Figure 10 focuses on the
ity factor and indicates that the rate of
movement was not necessarily best for the
lightest weight system, It 1spertinenttonote
that the advance of lower temnperatures with
time improved trafficatility and influenced
the rates of movement for all systems
sigmficantly.

In Figure 11, the transportability factor
15 plotted based upon the rate at which the
total operational tasks were accomplished,
For the same umit load, differences in the
two methods of transport are clear. Sled
pulling can be seen to be superior to back-
carrying,

Total system output was considered tobe
Iimited to the work done with the specific
operational tasks of sled pulling and pack-
carryming, Fagure 12 charts the levelof cifort
mvolved for gsach system, These data were
obtained directly from the operational loads
pulled or carried. Although a consistent
level of effort should be expected, the var-
ability in the data is due to load change as
food and fuel were consumedandtoalteration
in distances over which the load wis moved.
Except for the farst pericd, the mean of the
data tinds towards a fairly flat but gradually

1s'ng characteristic for two of the systems
A and B), which confirms the fact that load
and distance were fairly sonstant, Thetrend
of materiel system C is gradually downward
and 1t 4 believed to be the result of iving n
splintered groups, that 1s, in 2-man sheiters,
when exposed %0 increasing severty of
sveather. This 13 also suggested by the net
weight losses experienced by the groups
associated with this materiel system, C.

Input

Two of the basic inputs to any man-
machine system performance are energy
supply and maintenance, and in the group-
materiel system concept the energy supply
was in the form of food and {uel. Figure 13
charts the food-fuel inputs for each of the
three systems, Although some differences
1n food input were noted, they were not signif-
icant, The fuel input required by each of the
systems 1s quite different and is responsible
for the differences noted in Fagure 13, The
energy cost in fuel for assemblage B 15 1m-~
mediately obvious. The low fuel require-
ment for blages A and C t that
economies in fuel may be obtained by smaller
group shelter designs. Wnen the second and
third experimental days of the sixth period
are examined we find that although the op-
erational output factor for assemblages Aand
B are reduced to zero because of intense
Arxctic fog or ‘‘whiteout,’” input requirements
rose, It would therefore seem to be reason-
able to conclud~ that fuel requirements for
small dismounted units tendto varyinversely
with level of operational effort, and the
magmtudes will vary directly with fuel utilx-
zation .apacity as well as wath length oftime
used

In order to place an index or comparative
evaluation number on each of the three sys-
tems, the ratio of measurable work output
{Figure 12) to total measurable input (Figure
13} was derived The output-:input ratio oxr
index of effectiveness gives an approxamate
rank-order of the three systems. The gen.
eral form of the index of effectiveness is
shown below

Generalized Effectiveness Index

AISE =0.001258 Y0 . T, =12.6x 1074
Qp
w
_°. T
Qr

Where

Wo = Total work done for all operational
missions/day (mob:ility, habitabil-
1ty, and restorablity),

Q.. = Total energy inputto system (BTU’s
per day).

1 4 = Ratio of actual time tototaltime for
all operational massions per day.

In the study conducted, the values obtained
from the p of system effect
appear to be a representative index for each
of the assemblages, that is, the pertinent
physical variablesareincluded anthe formula,




By considering the groups as independent
variables and averaging the values for their
performance, we find that the indices of group
performance are qute comparable. The
column titled *Effectiveness Index’’ in Table
II shows a consistency between at least four
aroups. On the other hand, the low value for

the group Charlie was expected, since 1t was
astected in the farst perod by the loss of one
of 1ts members, For all practical purposes
it can be concluded that four groups were
approxamately equivalent in effectiveness.
Thus differences found may be attributableto

the materiel systems.

TABLE II

Summary of Group Effects

Net Weight  Average Morale Rates of
Imtial Weaght Change Score Movement Effectivencess Index

Lo ¥t/Min
Alpha 163.0 -8.25 -6.30 171/180 8.7
Bravo* 153.4 +6,50 +6,40 176/179 8.8
Charlie** 161.2 -1,75 -0.05 167/88 6.0
Delta** 164.2 -22.75 13 60 224/250 8.0
Echo* 156.2 -17.25 15,00 218/225 9.5

,‘:} Identical leadership.

The values obtamed for each of the
materiel systems are shown inthe “AISE”
column of Table Iil. These effectaiveness
nurrbers may be interpreted as the relative
valiue of a system, For example, inthe most
effective system, of every 100 energy umts
vequired to support it, at least twelve umts
are operationally useful; for the least ef-
fective, only about faive, It also shows which
systern tends to minimize 1mpact on Suppost-
ing systems By this method, the objective
ranking 15 obtained and histed in the last
column of Table 1Ii,

On the other hand, the subjective ranking
shown in Tabis Il was obtained from the
groups directly by pericdic questionnaires.
If vou compare the ranking of the systems

‘based on the objective measurements with
those based on subjective ratings, the dis.
agreemesnt in ranking is obvious The
explanation may be that the subjective rank-
g of efficiencies was expressed in terms of
personal comfort. Thus the subjective se-
lection of systems followed attitude prefer-
ence and was to be expected. At the same
time, the weight of the most comfortable sys-
tem (Acsemblage B) was heawily criticized
and the lighter load and simpler food system
of tne lighter system (Assermblage C) was
praised Thus it may be concludedthat while
the subjective eff; is indi ve ofuser
preference, the objective efficiency reveals
the probable ranking of those charged with
providing support to a combat group under
such environmental conditions,

TABLE I

Summary of System Effects

H.F,

Value Weight Volume Load

3 Lbs Cu Ft Lbs

System A 1681 700 67 117
Syster: £ 1834 908 80 151
System € 1810 784 72 131

STUMMARY AND CONCLUSION

The research under which this experi-
msnt was conducted involved an attempt to
focus on thenteraction whichhumanrequire~
ments and materiel design factors may have

Group Food Fuel  Svby. Ob;.
Effect Factor AISE Factor Rank Rank
Lbs Cal per Gals per
Man.day Sys-day
4.5 4114 7.5 0.78 3 2
6.8 4519 4.9 2.58 1 3
22.3 4267 12,1 0.44 2 1

on supporting systems. In the future it may
be possible to specify component deSign
criteria on the basis of such work, The
indices of system effectiveness, although not
conclusive at this phase of the work, indicate
the feasibility of obtaiming objectively derived

4




values of system performance when com-
ponents are changed. Wnen carefully meas-
ured subjective values, judgments on the
compatibility of new system components, ob-
jective measures of system performance and
of the cconomics of system support are ob-
tained 1t should be possible to specify meas-
urat’e criteria for new components and
svstems,
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Figure 3 QMC Polar Systerrs Rescarch Support Facility in Greenland
(July - August 1959)
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EFFECTS OF ATMOSPHERIC NOISE LEVEL AND WORK METHODS ON RADIO TELE-

PHONE MESSAGE TRANSCRIPTION by anthony E Castelnovo, U S Army Personnel

B
Research Cffice, Washington, D C.
i Intzedyction

The problem area anderlyming this re-
se.rch 1s that of improving the quahty of
transcripts of noisy radio messagcs. Even
though limited improvement in the s:gnal to
noise ratio can be achieved by filtering and
other tachniques, noise contimnues to be a
probiem

In analvzing the methodt by which
transcripts are produced, it appeared that
some improvement in accuracy and ¢om-
pleteness mught be afiorded by uliizug
available manpower in a somewhat different
manner,

The normal procedure in the tran-
scripiion of woice radio messages is to tape
record the amginal message which 1s then
given 1¢ a transcrber who makes a iran-
seript In cases where the message is
masket 5y noise, the transcriber may sc¢an
portions of the tape repeatedly until ke is
salasfed that he kas gotten as much of the
message as he can possibly get to make the
enGst compiete and accurate transcrapt

It wac assumed that the quality of a
second transcript would be better if produced
by & sevend lListener with the 2:d ot the farst
transcrypt than if produced by the original
transcraber.  This assumplion was based
upon tue belief that errors of perception would
tend to be different from one hstener to
another, tnat some errors made by the farst
transcriber would be rejected by the second

transcr.er, and thersfore the lhikelihood
would be .ncreased that the second tran-

scriber would substitute correct words for
these errors,
GC. Work Methods,

On the basis of these notxons, xz was

Iy, imulas Materials

The messagzs used to test these work
methods were Sentence Intelligibility Lasts
developed at the ilarvard Psycho-Acoustic
Laboratory during World War II. There a.e
a total of 68 lists, each of vhich consasts of
twenty sentences contaimng five s ureable
words per sentence. Research has shown
these lists to be extremely sanular an daffi-
culty. The noise used in the experiment was
atmospheric noise taped from a short wave
receiver.  Atmospheric rather than whits
noise was used b it was dered to
be homogenous enough for this study and at
the same time represented the major ob-
stacle to accurate transcription in the op-
erational setting The messages were read
onto one track of a two-track tape whale the
noise tape was reproduced onthe other track.
The speakers momtored their own recording
level and the noise level by watching the
recording of the two channels on a dualtrace
gscilloscope  An atteinpt was made toman-
tain relatively constant amplitude of the peak
for ecach word envelope The noise < velope
was relatively flat, though it showed some
random disturbances, and was mantained at
a constant level throughout the message, each
set oftwenty da

Six tapes of ten messages each were con-
structed in this manner to be used for train-
ing purposes and three messages were pre-
pared in the same manner to be used in
testing the alternative work methods.

IV. Subjects.

The subjects used in thas study were a
group of fifty reservists who had been ac-
tavated in 1961 and were abouttobe rejeased.
The mort pertinent characteristics of these

decaded to test three of pr 4
tramsaripts from noisy voice radio messages.,
Tke first method consists of having one in-
dfvidual listen to the same zoisy message
three consecutive limes and produce a com-
plete transcript on cach occasion, At each
successive exposure to the tapr, he ases the
preitas transcrapt as an aid, Work Method
’1‘ s consists of having 3 second transcriber

ien 12 the same noisy message and withthe
.nd c‘ :he first !ramcnpt produced by the
tran-

were that they were in their early
lwenhcs, all except !hree had some college
trainm:ng, and many had gone beyond a Bach-
elors degree. All weretrainedtoreceiveand
ranscribe code except five who had other
types of transcription training.

¥. Experimental Procedure,

A, Pre-Test Training.

Prevxous research intheareaofthe
B el

scnpt_ He thesn lxstens !o the
second time and with the aid of his own fm!

©f by noise indi-
ms that there 15 a relatively rapid im-

transcsipt produces a second lete tras-
scrig®. In Work Method Three 2 lhu-d traz-
scriber listens to the zo1sy message once ard
wath 2%e 23d of the first transcript produced
vy the ad 1t 1ber prod a com-
plete transcript,
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pr in hear fing through noiseandthata
1 is reached after e of $ 1
for=s a day for five days. Our group of <ub—
;=2ts was therefore exposed to messages
masked by various levels of noise over a
three hour period for cach of six days,




The six days of trayming served
three purposes 1) to train the subjectsto
read theough noise, 2) to get an indexof each
subject’s ability to read through neise sothat
three groups of equa) ability could be idents-
fied for use in the expermument; and 3) to
determane three noise levels which would per-
mit tac subjects to understand correctly ap-
pr:;'nmately 75% of the message, 50% and
25%

To obtwin :ndices of noxse which
would result in the three levels of antelli-
gibihity desired, a range of signal to noise
ratios was explorsd during the tramning
session. These ratios were tabulated daaly
and those which most nearly approximated
the intelligibality levels desired were re-
checked on successive days, The noise levels
were refsrenced initially to the message by
setting the nosse envelope peak ¢qual to the
word envelope peak, The noise was then
varied abcut this value in decibel steps by a
.Davin attenuator which had imtialiy been set
at its rmuddle position, This permtted vary-
ing the no1se peak fromtendbbelowthe voice
envelope peak to fen db above ths peak.
Previous work had shown that this range was
sufficient to encompass the signal to noise
ratios of interest. The signal to noise ratios
neaed in this experiment were -4 db for the
low noise level, -1 db for the medium noise
level, and 3 db for the high noise level.

B. Assignment of Sabjects,

Based on th2 total scores achicved
over the six days of trammng, forty-eight of
the fifty subjects were ranked and divided
:nto three quality sub-groups of sixteen sub-
jects each.

The best quality group contzaned the
top sixteen subjects, the second the maddle
sixteen, and the lowest the bottom sixteen.
Four equal quality groups of twelve sub,ects

doml 5

That th™ four groups were very
sumilar in ability ca: be scen from Table 1
which shows the mean scores for the six
traimng days were*

Table 1

Group Mean Scures

Noise Level 1 Group

Low Medmmsl-hgh </N Check
‘ 2 1 3
Mean Score |46 98] 47.06,147.92 4505

C. Work Methods Test.

Three messages were used in the
experiment, For a particular message, sub-
ject 4 was assigned to Work Methodl, for the
second mesdage he was assigned to Work
Method II, and for the thiid message he was
assigned to Work Method JIL These imtial
assignments of subjecis {0 work method were
made 1n 2 random manner but all subjects
served 1n all work methods and no one com-
binat+on of these subjects worked together on
all three methads,

The same message at the same
notse level was presented thrce consecutive
times. The tamz lapse between presentations
was only enough to let the subjects get ready
to transcribe. Each message was presented
to each group atthe assignednoise level, The
schedule of presentation of messages for a
set of three subjects 1s dragrammed in Taole

each were formed by x Yy

Table 2
Work
Meinod { Subject | Message Presentation
—~ 13 ]|
1 A Alvet=rAZ—r=—rAS
1 B - B2l—-B3_|
fiil c C3

gning
four subjects from cach quality cetegory to
each of four groups One of the lour groups
thus formed had been predesignated to be
uysed for a final check of the signal to noise
ratio setting of the threc tapes to be used
1n the experimental session,

Each of the other three equalquality
groups was randomly assigned to one of the
noise lavels, The group assigned 1o the low
noise leve!, approxamately 75%ntelligabulity,
1s designated group One, the group assigned
¢ *he medium noise level, approximately
50% intelligabalaty, 1s group two, and at the
high nois~ lcvel, approximately 25% intelli-
gibility, group three. Duc to such factors as
quality of the noise and variation between
messages due to the talker, the signal ‘o
noise ratios which were used in the experi-
ment gave somewhat different intelligibility
jevels than these, but were relatively close
and were within acceptable limats,

A-1 1n the diagram, mdis «2¢s that subject &
listened to the message and made the furst
transcrapt which 1s designated A-1. A copy
of transcript A-1 was given to subject B, On
the second presentation of the message, both
subjects A and B histened and independently
prepared transcripts, aithwugh both used a
copy of the transcript A-1 as an a1d, On the
third presentatior of the message all taree
subjects, A, B, C, preparedindependenttran-
scripts. A used the transcript A-2asan aud,
B and C each used a copy of B-2 as an a1d.

VII, Results,

The transcripts which resulted from
the three methods of utilizing persvnnel
were scored for Rights, 1.e,, the number of
words transcribed correctly, and for Wrongs,




1.e., the number of words which were included
in the transcript which did not appear in the
origmnal voice message.

The average Rights and the average
Wrongs for each message presentation for
each Work Method at each noise level is
shown in Figure 1. (These means are shown
i Table 3.}

Table 3

however, annear to be leveling off more
quickly thar for the mediumnoise level, Thys
leveling 6ff for the low noife 1Ii;v§ll is at-
trabutable to the fAel that the limih 4] dents-
able words is being approached. The mean
number Rights for the third presentation for
Method I1s 90 words. Though theff afe one
hundred scoreable words Infipchmesgige the
average for this group for transcribing
symilar meRgdfEs in the abisence of noise 13
approximately 96 words  The curve fof

MEANS AT THE THIRD MESSAGL PRESEN- Rights for }16 high noise group is, as an be
TATION FOR EACH OF THREE SEPARATE  seen in Figise |, very similar mformid Hhat
WORK METHODRS AND NOISE LEVELS for the lqw‘;wisc group,
= B Ty The curves JAF Wrnngyy ne we can
Work | Mean | Mean sce i Flgufp I; are different | ﬁ!fn thone 19
Noise Level Method | Rights | Wrongs nghts. At the low noisg ?-‘ﬂﬂ he f“"}"'}” p%
wrongs fends U dsvrﬂre with sucecs5ik
1 90.00 10.42 presentations. Thik {¥ In be sxpotted dipce
Low I 9112 825 repetition usually recults fy jygp_#bv ﬁgﬁ,
ple J Thia decredse in errors is alfo compatiifs
(N = 12) m 91.82 8.58 with the increase in the number of mght
I 6650 [735.92 resp for the lqw i;cz‘ip,'e' fevel g;q;gﬂ, &
Medim 1 70.42 | 31.00 the medium noise level, however; the numbe
Subsampl of wrong responses for Method I {nerés E
N = 12) 114 70.92 32.25 from the first to secojd transcript and de-
1 20.92 61,67 creases from the second to the third trin.
High i3 21.83 | 51.75 script. For the high noide levél Hi§ tyﬁé};ﬁﬂ
bsample 3 1s clear enough, Here, the piimbe fffw”on
(N = 12) Hx 23.50 | 54.58 wintroduced into the tr ipt 1acsedsny W
each successive exposure tothetipn, Thyils

A, Effects of Work Methods on the
Response Functions for Rights and
Wrongs.

As can be zeen in Fagure 1 the
work methods show exactly the same re-
lationship to each other for all three noise
level groups. Notice that in the production
of right responses, Method IH 1s consistently
better than either Methods 1 or II and Method
Il 1s consistently better than Method L. For
wrong responses, Methods II and III also are
better than Method L That 15, fewer errors
are made with either of these work methods
than with Method L. Although the differences
among the three work methodsare ent

several alternative reasons have beén & .’
gested for this increase s the number of
Wrongs with successave presentations, g
analyses of the data are as yet avai}able ,lg
clarify this finding,

C. Individual Differences in Ability to
Read *hrough Nosse,

At the time of preparation of this
paper some analyses of the traiming data bad
been completed whach indicate that there are
relatavely stable individual differences in
ability to heur messages masked by noise,

the amount of this difference, as canbe seen,
1s small. The fact that these differencesare
quite smzll 1s reflected in statistical tests
applied to the means. The mean difference
between Method I and the average of Methods
Il and 11 was found to be sigmficant (.05 level)
for the third message presentation at the
medium aoise level for both Rights and
Wrongs but was not sigmficant for the low
and high noise levels,

B, Effects of Atmospheric Noise onthe
Response Functions for Rights and
Wrongs.

Notice that at all noise levels the
response curves for Rights continue to rise
with successive exposures to the tape. The
curves for the high and low noise levels,
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The foll g bar graph (Figure 2) showsthe
percent of the fifty subjects above average for
each of the number of days zero through six,
Note that 22% were consistently below
average, that is, they were above averags
zero days and that 32% were above average
all sxx days. The stabiluty of thus differance
is 1indicated even more forcefully by the
correlation of the sums of scoresobtainedon
the first, third and fifth days withthe sums of
those obtained on the secoxd, fourthand sixth
days. Thus r= ,867. Further, as can be
seen an Table 4, the correlatios afthe scores
of he first days of tramung wixth the last
dave are cubstantial, whick pormts to the
possibility of identifying higmwer ability per-
sonnel for purposes of training and assign-
ment, These differences in abiaty had been
noted by personnel who had served :n op-
erational situations, and the present data




Table 4

A MATRIX Or INTERCORRELATIONS FOR
TRAINING DAYS ONE THROUGH SIX
REFLECTING STABILITY OF
INDIVIDUAL DIFFERENCES
{N = 50)
(All noxse levels)
1

Day? 1 { 2 3 4 5 6
v (o0l bl 74| 19| 8 | .60
2 I .64 ] 1,00 | 65| .68 | .62 | .57
3 1 .74 65 ( oo 771 84 | .54
1199 ] 6ai 77 |100] 188 | 6s
5§ é | g2 | .84 | 88| 100 | .68
[ 1.57] 54 .64 .68 |1.00

2r for composite of days 1, 3 and 5vs,

b 4and 6 = 87,

confirm these observations Additional anale
yses to determine the effect of noise levelon
these individual differences and to relate
ofher aptitudes and abilities to the abilaty to
read throdfH Hoise are bewng made.

VL §

y and C

The data have led us to conclude that
there 18 a tendency for Work Methods I and
HI, that 1s, those using two or more differ
transcribers, to produce a greater accuracy,
but that their superiority over a method
using a single transcriber, though consistent,
tends to be small and reaches statistical
sigmficance only at the medium noise level,
Unless additional factors are discovered
which might enhance these differences they
are not large enough to be of practical value
except 1n situations where a small arnprove-
ment 138 of crrlical importance. Of greater
practical value 1s the fact that pronounced.
ndavidual differences exist in ability to hear
through noise, It seems that personnel
selection and assignment instruments which
would result in the enhancement of the
quahity of transcripts produced nunder condi-
tions of noise mignt te constructed with a
mnimum of difficulty, Such instrumecnts
would permit the selection of transcriber
personnel who possess a higher basic apti
tude and the assignment of the more capable
personnel already within the system to more
critical p s, thereby enharncing system
capabsiity,
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€ CONSTRUCTION EQUIPMENT DESIGN RECOMMENDATIONS TO IMPROVE OPERATOR S
& MAINTENANCE MENS VOCATIONS by Eimer A Kemp, Chairman, Subcommittee
XVII - Human Engineering, Construction, and Industrial Machinery Technical Commuttee,

Society of Automotive Engineers

A3 chairman of the Conscruction and
Incastrial Machinery Techmical Commuittee
Subcommuttee XVIII, pertaining to Human
Enginecring, my intent today 15 to give you a
report of our actions and poals.

Basically this aim 1s to establish recom-
mended values for human male physical
dimensions for industry-wide use by equip-
ment design2rs and manufacturers,

Late 1n 1960, when 1 was 1nvited to estab-
lish and imtially chair this interesting and
wntrigaing effort, it was imverative to callon
the best informed and experienced talent in
this field in order to obtain the immediate
practical results desired.

Active committee members and consultants
p~rlicipating mnthis effort are representatives
from equipment desigrers and ranufacturers,
component designers and suppliers, engineer-
ing agencies, cducational institutions, con-
tractor and industrial equpment users, and
the Mialitary. These individuals are com-
pletely familiar with the design, operation,
snaintenance and servicing demands to meet
the user’s needs Our efforts to date have
reflected the fine knowledge, experience,
erthusiasm, and cooperation ofthisteam, and
1t has been a real honor and privilege to be
affihated wath them,

Just what 1s Human Engineering? Howisat
applied to the construction and industrial
equipment field? One defimtion could state,
“‘Human Factors Engineering 1s the applica-
tion of the human physical senses, s«ill, and
physical techniques to equipment design’’.
To put it another way, it 15 the mating of man
to the machine so that optamum compatibility
1s achieved, therefore designing the machine
to the man, a truly revolutionary approach.

A good many of us can recall the day when
esquipment was designed to perform its basic
funcuon, and then a location for the operator,
his controls and instruments was established
wherever conveniert and practical, without
dasturbing too greatly the overall configura-
ticn. Control lever and pedal efforts and
travel were established, based on each de-
sxg"-:'s i1dea of what an operator was phys-
1c21ly zapable of exerting. Accessibilaty for
irbricotion, adjustment, and Servicing was
practically ignored. Operator comfort,
space-wise, suspension-wise, visibility-
wise, weather-wise or effort.wise, was of
small concern even though the operator
pracucally laived in the station.

Thronzh the efforts of the Miltary for

d

War II, has made great strides to amprove
the lot of th operator and service man.

Power assisted or completely powered
controls, greater operator physical comfort,
and vastly improved service access:bihity
has been incorporated by the ma--~rmity of
designers and maruficturers in this, today’s
more competitive markets, Flowever, until
our group was establiched, there was no in.
dustry effort to standardize on control loca-
tions, control efforts or traveldirections and
limits, The real value and need for a
recommended minimum standard for an op-
erator’s station, environmcutal-wise as well
as accessibility-wise, “as been magmfred as
a result of the Malatary’s and contractor’s
trainng o persunacl for these functions Be-
cause 1mitial consideration indicated thatthas
project warranted a concerted effort, the SAE
Construction and Industrial Technical Com-
mittee established Subcommuattee XVII,

After this new group was orgamized 1n
January of 1961, the Subcommittee agres=d
that the imtial effort should be tooffer maxi-
mum and minumum physical dimensions fora
normally clothed operator and dimensions for
a large operator dressed in arctic clothing
as recommended standards for use in the
industry,

The agreemeni for such a project was
unammous, as each manufacticerhashisown
version, which to date 1s as dissimilar as
most of us, physically, This particular effort,
requiring only five meeliugs to f.nalize, was
comparatively simple to assemble because of
the male physical dimensional data accumu-
lated by various indivaduals, consuitant organ-
izations, and the Malitary. This *nformation.
would have required many man-hours to ob-
tain from scratch, and we are deeply indebted
to several of our consultants for provading
data and assistance. Using the dataaccumu-
lated by these various agencies over recent
years, the Subcommittee developed and sub-
miatted recommendations for SAE-CIMTC
Standard usage. For practical reasons we
offered a male clothed vers:or. only, as
provading the realistic data that designers of
this equipment would require.

The result of our effort1s showninFigures
1 and 2, We sincerelybelieve, althoughbeing
the first to admat that someone may find a
point for contention, thatthis informationwill
prove a boon to our designers. The chart
itself has been studied and set up to make it
readily interpretable. You will note that we

simplification on instructions, org

labor for physical ease and comfort, and
througn engmneering fieid cuniacts, the con-
struction equipment industry, since World
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have blashed the 5thand ?5thpercentileas
the most practical range for design purposes.
This indicatss that 5% are physically under
the mimmum and 5% are over the maximum




and therefore are not iacluded in the chart
data. This chart has been approved and will
be an the 1963 S, A.E. Handbook!

Curren*ly we are studying the area of the
operator’s work station, You would be sur-
prised at the discussion the Subcommuttee
has drveloped pro and con relative to this
subiec’

We all well agree that, in the past, insuf-
frcient concern on the part of the designer
left quiate a bit tobedesired by the indivaduals
who actually wound up operating that same
equipment. Lack of riding cumfort and ex-
cessive control efforts resulted in a very
weary operator at the end of a snft, and more
frequently than not, in taperinz off of his
efficzency and alertness late in the work
schedule,

Broren down, for practical as well as
expeditious reasons, this project will prob-
ably result in these categories

1. Controls-

Foot and hand, (as depicted inFigure 3)
can and do result in some confusion on
the part of switching operators, tramn-
1ng, efuiciency, and safety-wise, Stand-
ardization of location, type, size aid
effort ranges, 1s a project the commattee
15 eaploring and hope to be abletc offer
a recommendation on inthe near fuiure.

2. Instruments-

Location, type, visaimlity and legibilaty,
are aiso components where simlanty

and standardization will benefit operator
adaplability and efficaency.

3. Operator’s Seat-

The location relative tothe controlsand

instruments, mintmum size, height, and

adjustment-limitations 1s on tap for
future study by the group.

Operator Comfort-

Noise, ventilation, temperature, and

safety are important factors to be

considered.

5. Operator’s External Visibilaty-
over-exaggerated on Figure 4, 15 cer-
tamnly a factor worthy of study for
improved operational efficiency and
safety,

6. Compartment Size Mimimums-
need for which we indicate on Fagure5,
will be reviewed and our proposals sub-
matted later,

»

The Sub ittee dati will
take a great deal of timne tobecome realities,
should we be so practical and fortunate to
develop worthwhile proposals, but with the
efforts of our industries’ designers, we look
forward to the ultimate from the operational
viewpont, as indicated on Figure 6.

Our resp bality as a Sudb tee isto
offer a practical and adoptable set of stand-
ards for industry consideration,

Some additional future areas we plan to
explore and investigate are service and
mantenance space, effort, visabilaity, and
safety s.




Figure 2 Sitting Chart
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Figure 4. Inadequate Visibility




Figure 6. Ultimate In Operation
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EVALUATION OF PHOTO DISPLAY MNDES FOR EXTRACTION OF INTELLIGENCE

INFORMATION by Abraham H Birnbaum, US Army Personnel Research Office, Washing-

ton, D. C

In the eventuality of war, the Army has a
critical need for information about the
enc ny’s disposition of forces which must be
relevant, timely, accuratc, and complete. To
meet these needs the Army depends on its
image nterpreters and the image systems
within which they function. The interprater of
today and tomorrow must be able to extract the
necessary information from all kinds of
imagery, conventional, radar or nfrared, the
imagery may be of high or low quality, and
on occasion the volume of the imagery may
be so great that only very little time may be
available to obtainthe necessaryinformation
Repardless cof conditions, the image nter-
preter 1s a key person who must provide the
information on which many military decisions
will be based.

Until fairly recently very little was known
about basic psychological factors in image
interpretation, particularly inthe operational
setting. To fill this gap the United States
Army Personnel Research Office formulated
a program to answer two broad questions.
(1) What are the skills, abilities and tech-
niques that are necessary to extract intellz-
gence 1nformation from conventional and
newer types of imagery? (2) How can the
Army best utilize 1ts available human re-
sources in order to cope with the ever-
increasing volume and variety of imagery and
yet .namntain acceptable standards of speed,
accuracy and completeness?

In 1mplementing our research program we
have paid particular attentionto problems that
dealt with the determinations of how inter-
preters can best use theimagery, equipment,
time, and skills to extract usefulintelligence
information. Findings such as those dealing
with performance as a function of viewing
time, repeated exposure to imageryandteam
work procedures were reported in a prior
session of the Army Human Factors En-
gineering Conference.' The effort of these
studies was directed primarily toward gain-
ing mnsight into how interpreter performance
might be improved via the mechamsm of
mmproving techmques and procedures of in-
terorcter operations. We were, however, not
unaware of the fact that the nature of the
stimulus material itself has an impact on
performance. Today's pap:ir wall deal pri-
marily with interpreter performance as
a function of selected photo display
characteristics,

1 Sadacca, Robert New Techniques in IMage Interpretation
Systems, Presented at the Seventh Annuol Army Humar
Factors Engineenng Conference, 36 October 1961

Approach

The purpose of the photo-mode »tudy 1s to
determine what, if any, differences thereare
i anterpreter performance, that may be at-
tributable to photo-mode, 1.e., to whether
the interpreter views negative transparen-
cies, positive transparencies, positi* prints
{non-stereo), or positive stereo prants. Find-
ings of this study may have 2n .mpact on
whether or not an eleciromc image reversal
device has a place in an image interpreter
facilaty.

Threec analyses were conducted. (1) An
analysis of accuracy and completeness as a
function of mode, {2) An analysis of confi-
dence n right and wrong responses as &
function of mode; and (3) An analysis of
accuracy as a function of time separately for
cach mweode,

In order to conduct our studies we mustbe
2ble to measure interpreter performance.
This requires the use of photographs the
content of which 1s known to the researcher
but, of course, not to the photo interpreter
test subject Inaddition, the photographsused
and the requirements imposed on the inter-
preter should be as reahistic as possible.
Also, thenterpreter s provided wath relevant
materials and informationnormally available
to him, such as maps and specific information
about the deployment of friendly and enemy
forces, as well as equpment that 1s part of
his PI kit, Essentially, then, the performance
meacure constitutes 2 work sample wath a
known input and with the opportumity for
measuring interpreter output.

The determination of what constitutes the
content of a given photograph depends in all
cases on the consensus of independent inter-
pretations by expert interpreters. In addi-
tion, available records were studiedtoverify
the basic analyses, In those rare instances
when agreement could not be reached on the
identification of a particular object, the object
was scored neither right nor wrong

The performance indices used in these
studies are a direct function of the nature of
the responses the int-rpreter makes, The
interpreter can corrcctly 1dentify an object.
The number of correct 1dentafications (number
of rights) therefore is one measure of inters-
preter performance, The interpreter can
masidentafy objects, Number of wrongsthere-
fore 1s another measure of his performance.
Further, he can fail to respond where he
should. Number of omits thus constitutes a
third measure. In addition, two derivatwve

es were & ) one, accuracy the
other, completeness, Accuracy 1s the pro-
portion of correct to total responses an in-
terpreter makes, it 1s the ratio of number of
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rights to number rights plus wrongs (mlw)
Corpletsness s the proportion of correct
responses to total extractable immformation
that 1s in fact extracted from a photograph,
1t 15 the ratio uf number of rights to total

rumber of significant identif:able ob;ects(—f—)

Four <ete of photographs representing
four different performance measures were
used mn this study Table 1 describes these
measures The first two measures have a
tactical content, the other two, strategic.
The scales of these photo sets are 1-5,700,
18,000, 110,500 and 1 10,500, respectively.

Table 1

DESCRIPTION OF PERFORMANCE
MEASURES

Mecasure  Content Scale

1 Indivadual Objects {e.g., 1:5,700
venicles)

2 Ind:vidual Objects (e.g, 1-8,000
small structures)

3 Object Complexes (e.g., 1:10,500
R.R, yards)

4 Object Complexes (e.g,, 1:10,500

tuel storage)

The sample consists of 64 experienced
nrhoto mterpreter test subjects, 32 of the Air
Force, 17 of the Army and 150fthe Marines,
Their average on-the-job experience was five
years aud ranged from two months tothirteen
years. All subjects were assigned at random
to each photo quality and to each cell within
photo quality.

Time allowed for each test was thirty
manutes,

Accuracy and Completeness as a Funct.on of
Mode

Within each quahity four performance meas-
ures were analyzed separately, accuracy
after six minutes of work, accuracy after
thirty minutes of work, and simalarly com-
pleteness after sixand thirty manutes of work,
Table 2 shows the accuracy results for the
four different modes of high photo quality.

The comparison here is for each row.
None of the differences 1s sigmficant. Table
3 presents completeness results for the four
different modes at high photo quahity. Again
the differences attributable t¢ mode were not
found t~ be sigmficant, Table 4 presents the
accuracy results for low photo quality.

Once again mode differences were not found
to be sigmficant, However, when we cometo
completeness at low photo quality (Table 5)
we find 2 dufference attributable to mode that

Each set of photographs consists of the
same photograph reproduced in four rnodes,
positave transparency, negative transparercy,
positive stereo prints, and positive non-stereo
prints. Each of these was alscrepreduced at
a lower quality level thus providing two photo
qualities and making possible an analysis of
mode-by- content-by-quality,

The design 2mployed was a replicated
Latin-Square, separately, for each qualty,
with eight entries per cell. Thirty-two sub-
Jects were used for each photo quality, Each
suoject vas admnistered the four different
measure contents each in a different moden
a counter balanced designto eliminate effects
attrabutable to order of test admimistration,

15 sigmf t at the five percent levelofcon-
fidence, and this foi completeness after thirty
minutes of work, In viewofthe fzctthat eight
different analyses were conducted, four for
low and four for high photo qualaty, :t 1s not
too surprising, on a orobability bas,s, tofind
one that exhibits differences that appeartobe
sigmficant for the case where in fac. no dif-
ferences exast. Thelarge number of analyses
therefore casts some doubt onthe significance
of the finding of mode dufferences for com-
pleteness at low photo quality after tharty
minutes of work,

When we examine the effect of photoquality
on performance we can unqualifiedly saythat
we have succeeded 1n reducing photo quality.

Table 2

PERCENT ACCURACY BY PHOTC MODE
FOR HIGH PHOTO QUALITY

Positive Negatave Stereo Non-Stereo
Accuracy Transparency Transparency Print Prant
Imtiaf 53 53 54 47
Final 42 38 44 40

Mode diffzrences are not sigmficant.
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Table 3

PERCENT COMPLETENESS BY PHOTO MGDE
FOR HIGH PHOTO QUALITY

Positive Negative Stereo Non-Stereo
Completeness Transparency Transparency Print Prant
Instial 14 10 k2 10
Final 33 27 31 30
Mode dafferences are not sigmficant,
Tabdble 4
PERCENT ACCURACY BY PHOTO MODE
FOR LOW PHOTO QUALITY
Posative Negat-u;‘_A Stereo Non-Stereo
Accuracy Transparency Transparency Print Print
Imtial 40 41 52 33
Final 30 33 39 37
Mede differences are not sigmficant, ) - T
Table 5

PERCENT COMPLETENESS BY PHOTO MODE
FOR LOW PHOTC QUALITY

Positive Negative Stereo Non-Stereo
Completeness Transparency Transparency Print Prant
Imtial 8 7 7 7
*Final 21 16 24 18
*Mode daiferences sigmif.cant 2t P <05
Content differences were sigmficant

Without exception performance on high-
quality photos was better than on low quality
ones as can be seen in Table 6.

It can also be seen that accaracy drops as
a function of time, For six-minute perform-
ance accuracy 15 higher than for tharty-
minute performance. Conversely, complete-
ness goes up as a function of tame,

throughout, i.e., performance vared as a
function of “‘content.”” However, this 1s not
too surprising in view of the fact that the
photograph scis differ fror sach other in
scale, quality, density and kind of objccts,
Since the factors that cause these differences
cannot be pinned down specifically 1n this

Table 6

PERCENT ACCURACY AND COMPLETENESS
BY PHOTO QUALITY

High Quality LowQuahity
Initial Accuracy 52 43
Final Accuracy 41 35
Initial Completeness 11 7
30 20

Final Completeness

Qualhity differences are significant at P < .01
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study, I &1l pass over these findings and go
on to the next.

Interpreter Confidence
mlerpretey LTt

As a part of their regular work routine,
interpreters assign probabil:ty indices ex-
pre.sing their confidentes in each of the
jaentifications that they make. In a prior
study, a sigmficant difference was found in
the mean confidence for rightand wrongiden-
t:ifs-ations and in favor of the rightadeatafica~
tions The present study provided an oppor-
tunity to look at confidence for rights and
wrongs as a function of photo mode and of
photo quality. For each obyect identified, the
interpreter assigned a percentagethat repre-
sents what he considers to be the hikelihood
that the obsect is correctly identified. Pre-
liminary analysis exhibited no sigmficant
interactions between confidence t and
wrong responses as it relates to photo mode,
content, and quality. Table 7 shows the re-
sults obtained for high photo quality, Note
that the Tight responses are invariable asso-
ciatea Wi greawws conhdinee thanth
responses and sigmficantly 50 in three out of
the four modes. This significant difference
for confidence in right and wrong responses
carries over to the total. Similar findings
are obtained for the low photo quality as can
be seen in Table 8,

Table 7

PERCENT CONFIDENCE FOR RIGHTS AND
WRONGS BY MODE FOR HIGH PHOTO

QUALITY
*Positive Transparency 57 46
Negative Transparency 60 56
*Stereo Print 73 [3}
*Non-5tereo Print as ﬁ
*Toral 65 56

*Right-Wrong differences sigmficant at
P< 05

When we compare total mean confidence
for the right responses for the high and low
photo qualities we find that they are sub-
stantially the same 65 and 65 percent,
respectively, This 1s also true for the mean
configence for the wrong responses, 56 per-
cent an both cases. This implies that across
the four modes, the probability of correct-
ness of identifaication based on £ ce 1S

Table 8

PERCENT CONFIDENCE FOR RIGHTS AND
WRONGS BY MODE FOR LOW PHOTO

QUALITY
Fositize Transparency 67 by
*Negative Transparency 61 44
*Stereo Prant 3 59
Non-Stsreo Print 66 56
*Total 68 56

*Right-Wrong differences significant atP< 05

Length of Viewing Time

We have already seen some evidence that
accuracy goes down and completeness up as
5 fancton of tame, We have alsonoced inter-
preter performance with the exception of the
tenuous finding for 30-minute completeness
at Jow photo quality 18 not affected by phote
mode., On the other hand, there are sigmfi-
cant performance differences attributable to
photo quality A performance over tme
comparison was therefore only for photo
gqaality.

Figure )} shows the cumulative number of
right and wrong responses for five-minute
antervals of viewing time, plotted separately
for h:gh and low photo quahities. Notice first
the far larger number of wrong than mght
responses at all fame intervals and regard-
185 of photo quahity, When we look at quality
separately we find for high photo quality that
the number of newidentifications scored right
tapers off much sooner than the number of
those scored wrong. Moreover and very
significantly when we compare the perform-
ance for high and lowquality photographs, the
high quahty photographs provide more right
and fewer wrong responses than do the low
quality ones.

Figure 2 shows accuracy which relates
right to right plus wrong responses, plotted
as a function of time for the same perform-
ance measures, For high photo quality there
315 « continuous decrement 1n accuracy ae
time increases, a finding which conforms to
prsvious ones. For low photo quality, on the
other hand, accuracy remains relatively con-
stant at a lower level at all timentervals as
time increases, although toward the end 1t
begins to decrcase. Actually, if additional
time had been provided to the interpreters
working on the low quality photogravhs, 2
continuing drop n accuracy would not be un-

the same for bothhigh and low photo qualities.

pected, since any responses that gobeyond
the limats of what thece is in the photograph
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would have to be wrong. Moreover as the
interpreter addresses himself to objecisthat
are increasingly more difficult to 1dentrfy we
would expect the ratio of wrong to right re-
sponses to increase and hence for accuracy
to decrease

Impi-cations of the Findings

To the extent to which the test materials
and conditions and test subjects are repre-
sentative the findings of these studies are
generalizable However, it should be no.ed
that there are many Iimitations to this study,
Among others there are those dealing with
the nature of the images, their content,
quanty and scales, the nature of the setting
in terms of the specific lask requirements
imposed on the interpreters and the experi-
ence of the interpreters in working with ma-
terials that diffex in mode. Assuming that
these do not have an eftect onthe findangs, tne
following conclusions can be made.

Accuracy and completeness in general do
not seem to be dependent onwhether ornot an
interpreter views a positive transparency,
ncgative transparency or print, although a
further study needs to be made to check on
the finding for 30.minute completeness atlow
photo quahity.

Good photo quality docs result in better
accuracy and completeness than does poor
photo quahity. However, this finding applies
only to the materials at hand. Our “‘good’’
photo quality 1s actually not fixed, We have
no way of measuring the quality of our *‘high”’
quality photos and we degraded these photos
to a barely acceptable level, Since we were
not able to improve the photo quality of our
‘‘good’’ photos, we are unable to say that an
increment in photo quality beyond that of our
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good quality would hikewise yeld an incre-
.nent 1n accuracy and completeness There-
fore the finding does not argue for smproved
photo quality  What should be done firs*isto
develop a measure of photo quality and then
systematically tor different quality levels
determne the accuracy and completeness of
interpretations t> establish the point of di-
mimshing returns, which would then be tae
goal for the desired level of photoquality.

Photo interpreters generally tend to have
more corfidence 1n their right responsesthan
in their wrong cnes This means th * the
probability of accurate identification will be
higher for responses associated with high
confidence than for those associated with low
confidence However, the use of this knowl-
edge should await 2 more defimtive determi-
nation 3as to whether or not one mode 1s
favored over another with respect to confi-
dence differential between right and wrong
respouses. 1f a more rigorous test should
wdenizfy such a mode, this mode would be
preferred, everything else being equal, since
it would make possible the identification of
correct responses with a higher degree of
probability than any other mode.

Mode differznces most hikely don’t have
much of an effect on accuracy as a function of
time, however quality does. The accuracy
curves do not taper off in the same way for
the tame period of concern, There 1s a con-
tinuing very evadent drop inaccuracy for high
photo gquality, whereas accuracy for low
quality remains fairly constant until almost
the very end of the period where there are
beginnings of a 10ss 1n accuracy. The use of
specified work time to establish desired ac-
curacy levels therefore requires the estab-
lishment of accuracy- ovar-time-functions for
different levels of quality,
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E. HUMAN FACTORS EVALUATION OF MASK, ANTIFLASH, ROCKET LAUNCHER MI19

by Samuel E. Jacksen and Ma), E, R.

Clovis, MSC, US Army Chemical Research and

Development Laboratories, Army Chemical Center, Maryland

Under trop:ical or temperate conditions tne
gunner of a rocket launcher team canfire his
weapon without facial protection. Under
arctic condstions, however, there occurs a
bacnflash, formed of unburned particies of
rocket propellant, arming wires, and other
rocket debris, which constitutes a serious
hazard to the gunner’s face, The M19 mask
was designed to afford protecticnagamnstthis
backflash, Chemical Corps Engineering
Command was directed by CONARC to make
design improvements When we received the
mask, we were toldtl atit had previously been
subjected to various tests to determine 1its
abality to protect the 1ser and was to be type
classified pending our evaluation, We were
asked to determine whether gunners could
effectively fire tneir weapon while wearing
the mask.

Figure | shows the M19 mask onamodel -
The mask consists of a leatherette-faced,
staffened apron approxamately i5cminlength
to which has been sewnthe eyepiece assembly
from a pair of type I ndusirialgoggles.

In order to evaluate human factor charac-
teristics of the prototype mask, we studied:

1. Extent of the visual field for detection
of movement.

2. Fogging and frosting of eyelenses

3. Effect of the mask onthe abilitytotrack
a moving target with the weapon.

4. Ease of carrying and donmng the mask

5. Effect of right vs left eye preferenceon
the part of the user, Our subjects were four
medical research volunteers with previous
trainmng and experience with rocket launchers,
In previous traiming, these men had used the
M9A! Protective Mask, with the cannister
rexroved, ag an approved {ield expedient for
protection agamnst rocket backflash, One
subject had had combat experience as a
bazooka gunner,

In brief our results were as follows

1. For wvisual field. (See Figure 2 -
Perimetric Maps)., Figure 2 shows a
comparison of the visual field for detec-
tion of movement for three subjects when
they wore the M19 Mask, the M9A1 Pro-
tective Mask, and without any mask Wear-
ing cither the M19 or the M9A1 resultedan
definite limatations of the field of vision
for dciection of movement, These himita-
iions exasted in three ofthe four quadrants,
becomang :nsignificant only in the superior
temporal quadrant. In the mienor quad-

rants thel on 30*

and reached 45* at one place.

II. Fogging - We found by conducting
tests 1in climatically controlled chambers,

within one-two minutes after donmng the

rask, Frosting occurred in less than 10

minutes.

IIL. Tracking - While wearing the M19
Mask experienced rocket launcher gunners
tracked moving targets only with great
dafficulty, The principal sources of diffi-
culty identified were (1) Theharness strap
did not prevent the facepiece from sh .ang
when the stiffened length of the apron hat
the body (e.g. shouider, chest), or some
other object. This caured the entire face-
pirece and thus the eye lenses tobe displaced
so that vision was obscured or denied,
(2) Stray light entered through the venting
mesh causing undesirable reflections with
the resulting decrease in relative bright-
ness of the reticle-sight pacture. (3) The
eye lens retarming ring caught on the sight
rim. Even steady sxghtmg n the prone
position was freq 1y
the bottom of the apron touched the ground
and shifted the mask,

1V. Donmng and carrying - We found that
the n.ask could not be donned easily over
the helmet and parka hood, if donned inthis
way by any means, the eye was sofar from
the eye lens that effective sighting was
impossible, We farther found that whenthe
mask was folded and snapped as intended,
the mask did not fit any easily accessyble
outer pocket of cold weather clothing,
Furthermore, in this folded configuration
the giass lenses were extremely vulnerable
to damage,

V. Effect of right vs left eve pref-
erence - Soldiers who were normally
right-eyed experienced all the difficultics
enumerated above, Suldiers vho were
normally leit-eyed, and who used thesr
left eye to sight the weapon by canting
their head when firing without a mask, were
~ompletely unable to use their preferred
eye when masked,

On the basis of these test results, we
recommended that the prototype M19 Mask
be declared unsatisfactory because minimum
human engineering standards were not met,
We recommended alterations in the mask
design that would appreciably raise user
efficiency. Figure 3 shows a rough mock-up
of a new mask incorporating suggested
changes. Note that we have discarded the
goggle assembly and replaced 1t wath, (1)
For the s.ghting eye, a cushioned annulus of
a diameter sufficient toaccommodate the exat
pupal of the sight, no more; and (2) For the
other eye, a sturdy transparent plastic strip
oi sufficient nexxbxhty i cold weather to

that soldiers who were active gh to

t and of suf-

perspire moderately experience fogging of
the eye lenses sufficient to obscure vision

fw:ent strengthto resxst penetrationby rocket
debris., Some provision could be made for
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easv replacement of the plastic lens when
necessgary, n¢ a slip-in pocket. In this way
the weapon sight atself protects the sighting
eye, while tne other eye 1s given a broad
visuval field for the detectionof movementand
target hine-up, This arcangement also pro-
vides for positioning the sighting eye at the
eyec.p rather than } cn- 3 ¢cm behind 1t, and
at the same time eliminates a superfluous
glass barrier in the sighting path - a glass
barrier, incidently, which provides two sur-
faces susceptible to fogging, frosting, and
scratching. The removal of the goggle as-
sembiy allows the mask to be used with equal
ease by right or left-eyed persons through
the sample act of flipping the nose channel an
or out.

We have also reduced the apron length to
11 ¢m at each lateral edge and the lengtn of
the nose channel midline to 11 cm. This pro-
vides good facial coverage while at the same

time allowing much better clearance of the
shoulder bulk of tne arctic clothed infantry
soldier,

The harress strap attachment points have
been lowered 3.5 c¢m, thus bringing the
harness as worn into the same plane as the
eye opemings of the mask and the pupils of the
wearer, This should reduce considerably
tae shifting of the facepiece.

It should be noted that in this study we dad
not evaluate, and our recommendations donot
take account of {i)} the strength of t¢ ma-
terials employed in either the M19 or the
mock-up, (2) the degree ot phyxital protec-
tion these materials provide against such
blast or firing debris hazards as may exast
{3) durabihty of the mask under conditions
of field use and (4) the effects of decontami-
nation procedures on the condition of the
mask,




Figure 1 The MI9 Mask

Fagure 2. Visual Ficlds for the Detection of Movement
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Figu.e 3 " e proposed Mask (top) Compared with M19 Mask {hottom)




¥. THE DISPLAY EVALUATIVE INDEX. A TECHNIQUE FOR EVALUATING THE DISPLAY-
OPERATOR DECISION-CONTROL ACTION LOOP IN DISPLAY SYSTEMS by Arthwa I
Siegel, Wilham Miehel and Philip Federman, Applied Psychological Services, Wayne,

Pennsylvama

With the advent of more complex Signal
Corp=’ systems and the concomitant increased
time span between system concept develop-
ment and actual hardware production, the
need has arisen for methods and techmiques
for comparatively evaluating various design
concepts before prototype systems and sub-
systems are actually produced. While
subjective standards and appraisals possess
merit mn the absence of more objective and
reliable measurement and evaluative tcch-
niques, the provasion of quantitative system
effectiveness measurement techniques which
can be apphied early in thedesign stage might
do much to eliminate costly design exrors
and expensive retrofits.

Accordingly, Apphed Psychological Serv-
ices under contract with the former Engi.
neering Science Department, U.S, Army Signal
Research and Development Command, has
been engaged in a research program for
evaluating the abihity of the displays mn a
system to transfer information to the opera-
tor 1n the system and for the operator to act
on the 1nf if; , 3t
1s the purpose of this !echmque to allow
comparative answers to questions such as:

1. Can 1t be expected that the operator
will receive, interpret, and act on the
information presented by design A ina
superior manner than to designB?
1f we change a display, what wall be the
relative effect onthe equipment’s abality
to transfer information to the operator
and on the operator’s effectiveness?

This techmque is referred tohenceforthas
the display evaluative techmque. The index
number which emerges from application of
the techmque 18 referred to as the display
evaluative index or DEI, The DEIisbasedon
five factors, each consisting of a base
raised to a power. Except for th: Li8th or
cost factor, the exponents are constant and
fixed. The base values depend orn the system
(including the operator} under
and are based on axioms draw- from com-
munications engineering cc. . For the
1deal system, each factor ( e Lxception
of the cost factor) possesse: weofumty,
the valers approach zero as a limat for the
worse  cgipment design case, In actual
sractice the cost factor wall also belessthan
one. Since the value of each base may range
from zero to one, the range of each base
raised to any power 1s also from zero to one
and the DEI (the product of the five factors)
also raages from zero to one.

pEI= A%pPctpis®
where A to E are the bases and ato e are
the exponents which weightthe varion bases,

If cost 18 of no consideration, the costfactor,
E€, may be suppressed by setting e equal to
zero,

Each of the five bases involved evaluates
(2) different system design factor(s)

Bzase A PBase A provides an evaluation
of the adequacy of the design
from the point of view of num-
ber and complexity of the
display-operator decision-
control action loops :in the
system,

Biase B Base B considers systemcom-
plexity in terms of the number
of indicaters, number of con-
trols, used and unused indica-
tors and controls, and display-
control Iankage.

Base C Base C involves the time

required by the ‘‘average’’

operator to complete a desired
sequence of subtasks, the allo-
cated time for subtasksequence

letion, and mi h be-
tween display information and
operator control action infor-
mation.

Base D Base D reflects the complexaty
of the system or the totalnum-
ber of displays and controls in
the display-human operator-
control loop,

Base E Base E reflects cost factors.
All other things being equal,
the system that costs the least
to acquire, operate and mamn-
tain, is assumed superior,

To calculate the DEI, a ““transfer chart”’
describing and linking the displays, decisions
and controls of one or more task sequences
performed by the operator in the system is
prepared. Bases A, B and D are found from
the transfer chart. Base C comes from a

calcul of i d operator
time requirements, critical time require-
ments, and information mismatch., Estimated
information processing time 1s based on a
formula derived from data presented by
Woodworth and Schlosberz (1955): TK= .15+
.49 14, where

TK = minimum time required for linkK
I3 = number of digits in display
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The bases are calculated as follows,

where Wy = weight of 1th link

snd W = 1/2 for a corroborat:ve {twn state)
indicator

W = 1 for a corroborative multiple
choice indicator

W= 1 for a ore bit irdicator
W = 2 for a mult: bit indacator

W= 4 for a computatior, table look-
up, etc

W= 0 tor links which are of a con-
junctaive nature and for links
from “‘and”’ element

[(n + m).,] [(n + m)_u]
sl mpd
where n = no. of indicators
m = no, of controls
N = no. of forward links

(r + mlu = sum of el ts used ( ed

3,2,0,4,1 and 3,2,0,1,4 (xn which 3 1s best).
These agreed with the unweighted DEI 3,2,
original, 4.1 To increas~ the sensitivaty of
the index, the base val.es were transformed

as follows
4, 3
DEI= A VB Vo VO

Following this the techmque was appliedto
a special purpose radar system, the AN/FPS.
56. Agmn the orynnal (O) and four hypo-
thetical variations of the arginal (° 2,3,4)
were judged from the pomnt of view of the
adequacy of the display reading — operator
decision —» control act'onloopinthe system,
The DEI techmique produced a merarchical
ordering of 3,4,0,2,1 while the rankings of the
experts were 4,3 (tie) 0,1,2 and 4,3,2,0,1.
Simalar agreement between the techmque and
Applhied Psychological Services' staff mem-
bers judgement of the relative meritofdesign
var:ations of a public address set andacom-
plex situatinnal target momtoring and assign-
ment task were obtamed. Thus it appeared
as if the technique might be generally applic-
able and that more rigid vahidation was
appropriate.

Validity of the DEI Techmque

to forward links)

{(n + m)y= total no, of irdicators and com-
trols
C=e Tu(Tk-t- Ik IMkl, < Tk

where Ty = mimimum time required for inkk
tk = time allotted for link k

My = mi tch in digats b ele-
ments connected by R link
2
P=a% no *

where no = number of ‘‘other elements’
{nesther disi lay or control)

Q =number of individual components
~_ ) $ 1
E=ze - $r ° . §_q

$r,

where $1= imtial cost
S0 = operating cost/year
$r = reasonable cost

Development of the DEI

The DEI was first worked out on the origr-
nal (), and four hypothetical variations
{1,2,3,4) of the AN/MPQ-4A intercept radar
set. Two human factors specialists who are
members of the Applicd Psychological Serv-
1ces’ staff, were asked toratethese systems.
The ranks assigned by the two experts were

The validity of a techmique such as the one
described can be supported from several
pomnts of view, One pomnt of view 1s the
conceptual vahdity of the technique. Bycon-
ceptual validity 1s meant the reasonableness
of the concepts from which the technique 1s
drawn and upon which the techmque 1s based.
The conceptual basis of the DEItechmque and
its roots in ons 14 TRy
constructs have been discussed elsewhere
(Siegel and Miehle, 1961). Some persons
would argue that conceptual valxdxty alone is

for an The

present authors mam!am, however, that af a
technique can be shown to possess conceptual
vahidity and if 1t can also be shown that the
new technique correlates well with some other
acceptable measure of the function being
evaluated, then the new techmque gains addi-
tional support.

Four prominent men (three psychologists
and one engineer} in the fields of human
factors and information theory were asked
to cvaluate various system and corntrived
variations of these systems, Themzjor con-
siderations examined by the authoritative
raters were the various displays in the re-
spective systems and the abilily cf the dis-
plays to transfer the requisite informationto
the operator, the mamnipulations of controls,
the various decisions and judgments required
by the operator in eazh system, and the

and calcul s that the operator
makﬂ in fulfilling his functions inthe system,
Correlational analyses were performed be-
tween the ratings of these experts and the




DEI values Insofar as the DEIvaivescurre-
late well with the evaluative opinions of the
outside expert raters, it may be claimedthat
the techmique 15 valid for discrimanating be-
tween * ar.ations of the same system

The results for each of the four systems
and the 12 variations were averaged over the
f{our reiers and ranked hierarchically. Rank
order coefficients of correlation were caicu-
lated between these data and the ranked data
obtained from the application of the DEI
techmque, These correlations are presented
as Table 1

An analysis of the agreement between the
individual experts and the DEI1s presented
as Table 2.

Table 1

Rank Order Correlations Betweenthe
Authorities” Mean Ranks and the DEIs

System Correlation

Radar Set AN/MPQ-4Aand 1,00
four variations

Radar Set AN/FPS5-56 (Track- .90
ang and Plotting) and four
variations

Radar Set AN/FPS-56 (Target .80
Definition} and four variations

Radar Set AN/FPS$-56 (Target 1.00
Ranging) and four variations

Public Address Set AN/UIH-3 .90
and four variations

APS-251 1.00

The obtained correlations between the
raters’ evaluations and the calculated DEI
values indicate relatively high agreement
between the two varates for predictive pur-
poses. These findings suggest that the pur-
ported purpose of the development of a

techmque for evaluating the effectiveness of
dieplays 1n systems to transfer information
to an operator and for the operator to act on
the information has been, at least to some
extent, achieved.

Reliability of the DEI Technque

In actual use of a techmque such as DE]
method, there 1s always the pessibility of
some variation in the analysis if different
users apply the techrique tothe same syst~m,
This variation may result from different
interpretations of the system’s desgign and
function and of the task. There may be
differences in the evaluators’ backgrournds
and the users may lack a precisedescription
of operator’s tasks andthe systems. Another
source of inconsistency may lie in differ-
ences of interpretation of the rules for
applying the technique.

Theiefore, for each equipment and 1ts
variations reported here, a separate DEI
techn:que application was made by two or
three peopie  The purpose of these separate
applications was to obtain an indication of
the or agr between the

quip t rank bt d by different
users of the DEI technique.

Rank order intraclass correlations were
calculated to sndicate the extent of agreement
among the rankings obtained by the various
evaluators who applied the techmique to the
systems considered. The obtained correla~
tions are presented for each base as well as
for the total DEI in Table 3,

In computing correlations, only rankorders
were considered and the correlation between
users was determined for the individual
bases as well as for the DEIs Incasesin
which two variations possessed close DEI
values, the variations were nevertheless
considered as having distinct ranks rather
than being considered as ties, This makes
the test quite severe, especially for the in-
dividual bases, where there 1s no essential
difference between two vanations for the
aspect which that base evaluates,

Table 2

Rank Order Correlat:ons Between Individual Raters and the DEI

Radar Set Radar Set Radar Set
AN/FPS-56 AN/FPS-56 AN/FPS-56
Radar Sst (Trackingand (Target (Target Public Address Set
Rater AN/MPQ-4A plotting) Defimtion) Ranging) AN/UIH-3 APS-251
A, 1,00 .90 .40 .80 .70 .80
B. 1.00 .70 .80 .40 -.40 .40
C. 1.00 67 .80 .80 .90 .80
D. 1.00 1.00 .40 -.40 .90 1.00
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Table 3 reveals high rehability coeffi-
c.ents. With tne exceptionof six ceefficients,
there was perfect agreement among the
evaluators who used the DEI techmque, It
was pointed out at the outset that the goal of
the current program 1s the determunation of
a technique for detcrmining the relative mexnt
ot equipment design variations from the

display —s» operator decision —» control
action pomt of view, Thus, even if different
values are derived by different users of the
technique, the present results suggest that
the obtained relative order of merit between
the users will agree and that the technmique
does not suffer from this point of view.

Table 3

Rehability Coefficients for the Total DEI and the Bases

System
Radar Set AN/MPQ-4A

Radar Set AN/FPS-56 (Tracking and Plotting)
Radaxr Set AN/FPS-56 (Target Defimtion)
Radar Set AN/FPS-56 {Target Rangirg)
Public Address Set AN/UIH-3

APS-251

Discussion

The results of the work completed suggest
that the DEI technique possesses sensitivaty
for evaluating the adequacy ofthedesignofan
equipment from the information transfer
{display —» operator decision —» control
action) point of view. The display evaluative
mndex {DEI), as the techmque has come to be
called, was applied to six distinct tasks over
four different equpment types and hypo-
thetical variations of these equipments. In
all instances the results suggested the DEI
tech to p pabalaty,

In the lication of the DEI tech a
transfer chart must be prepared It s pos-
sible that subjective variation among daffer-
ent analysts or users who might prepare the
transfer chart, could introduce a degree of
inter-analyst tency into the tech
Such inconsistency could limat its effective-
ness, This varmation could be caused by
different interpretations of a system’s design,
function, or task, as well as dif’srencesn
the analysts’ backgrounds, Theinter-analyst
rehiabil ty study performed to est:mate the
extint of this effect among the various
analysts employed by Applied Psychological

Total DEI Buse A BaseB Base C BaseD
.93 .86 .80 1.00 1.00
1.00 1.00 .9¢ 1.00 100
1,00 100 1.00 1.00 1.00
100 1.00 1.00 100 1.00
93 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00

controis and lLnking those that affect each
other, Beyond this point, a set of ground
rules are applied for deriving the resuitant
DEI value. Thus, the emergent index value
1s largely a function of the objective indi-
vidual base formulas and mathematicaltech-
nique. The resuitant DEI may be compared
and contrasted with an evaluative figure
derived from alternative approaches, check-
l1st3, and rating scales, Inthese approaches,
the derived scores rest considerably upon
the subjective evaluations, biases, and 1deo-
syncratic tendencies of the observer involved,
Lattle opportumity for antroducing these
effects exast in the DEI technique.

The validity of the DEI technique rests on
twe pillars, The first pillar is ‘‘concept’
validity, The techmque is drawn from a
series of principles logically related to and
drawn from information theory constructs.,
To the extent that the user accepts these
constructs and the deraved principle, to that
extent will the DEI technique be acceptableto
him, On the other hand, informatjon theory
or the present extrapolations therefrom, may
not be impressive to some persons. Accord-
ingly, we point also to the second pillar upon

Services indicated very close agr
among the analysts using the DEI techmque.
While this finding does not negate the factthat
analysts may vary somewhat from one an-
other, 1t suggests that the technique does not
suffer from this constraint. Moreover, it
may be pointed out that the preparationoiine
transfer chart 1s a relatively objectaive pro-
cess which involves listing the displays and

which s supporting the vahdity of
the DEI techmque rest, the emparacal validaty.
The validational studies suggested that the
techmque empirically correlated in a strong
positive manner {medan rho = .95) with the
opinions of accepted human factors au-
thorities, While the validity of the technique
has only becn demonstrated forthree classes
of equipinents, future studies are planned
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which wiil estend the empirical vahaty to
other equipment ciasses

It has also been demonstrated that the
bases are theoretically independent of each
other However, the question of whetherthis
indeperdence 1s true in application remains
open Studies in this regard are currently
being performed,

It 1s not behieved that the sensitivaty,
reliability, and validity here indicated canbe
obtained by uscrs with no traimng in the use
of the technique. While the requisite traiming
15 believed mimmal, nevertheless standardi~
zation of approach and application 1s re-
quired. For this reasor, a handbook or
manual for the use of the DEI 1s also under
preparation. The handbook of mnstructions
attempts to present a concase, step-by-step
procedure for applying the techmque.

It 1s noted that only single operator equip-
ments were considered in the present work,
Multiple operator systems present situations
of a different magmtude and nature and
must be studied separately for the develop-
ment of evaluative techniques. Additionally,
tne displays inveolved in the system studied
were two dimersional visual displays, with
standard controls. Although three dimen-
sional displays are possible on Signal Corps’
equipment, the extent to which the DEI
technique may be applied to three dimen-
sional and to aucitory displays remains open.

14

Conclusions

The results of the work here summarnized
and reporied suggest the followanrg con-
clusions
The DEI techmique pessesses ade-
quate sensitivity for quantitatively
distinguishing  between variation in
the display —» operator decision
——» control loops in classes of
equipment symilar to those here
tested.

With trained users, the betwee.. user
rehabibity of the technique 1s
adequate.

The index number (DEIl) emerging
from application of the techmque to
a series of equpments correlated
acceptably wath the xelative ratings
of authonties.

By pii the DEI t q:
represents a useful tool for aiding
»n the selection of an equipment de-
sign from scveral alternative early
equipment designs.

tion, h
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A. THE ASSESSMENT OF HUMAN FACTORSINLAND NAVIGATIONAL ABILITY by Theodore
R Powers, US Army Infantry Human Research Umt, Fort Benming, Georgia

INTRODUCTION

It 1s probabie that some groups in our
socicty feel that the Infantryman’s Job 1s a
sirapie, straightforward task, requiring no
more than the strengthtocarry a rifle and the
ability to follow a multitude of orders This
hypothesis 1s not sustained when the various
skills areas, making up the Infantryman’s
MOS, are closely examined. If this exami-
nation 1s made, 1t 15 found that what was once
conceived to be a umtary task of minimum
complexity, has become a mult:dimensional
complex performance area that is not easily
learned nor always remembered. Because of
this shift from simphicity to complexaty,
human factors research should offer guidance
n all skill areas where there appears tobe a
mihtary problem.

In World War II, Korea, and now the Far
East, unit ccamanders have reported that
troops in their command have oftentimes been
unable to move accurately from point to point
across unfamibar terramn, This type of
movement will be referred to hereafter as
lard mavigation. Land navigation can be ac-
complished by eithex dead reckomng in which
compass azimuths are used for directionand
paces are counted to measure distance
traveled, or by map terramn association in
“vhich location 1s determuned by associating
represented terrain featares on the mapwith
those same features on the ground,

During the design of an Advanced Land
Navigation program to be used in Infantry
Advanced Individual Tramning, many facetsof
the land navigation process were examined,
particularly with reference to the human
factors relationship to the Infantryman, To-
day, I am going totell youaboutthe resuilts of
some of this research.

STUDIES

The first study I shall discuss deals with
the area of land navigation as an integrated
complex performance task. As a place of
departure for our studies, 2 job description
and an 2nalysis of land navigation were com-

certain physicalfeatures whicharepresenton
a representative sample of terram, Accora-
ingly, eight terrain factors were selected as
difficulty-determiming parameters Thesc are
Lotal rouie length, individual leglength, num-
ber of legs, obstacls size, amount of vegeta-
tion, check-pomnt recogmzabihity, degree of
slope, anua objective size.

By varying these eaght parameters, avi-
gational routes of three levels of difficulty
{easy, moderate, difficult) were conftructed
and used to assess performance of the in-
tergrated job of land navigationatthesethree
levels. A counterbalanced designwasusedin
which half the subjects rece:ved the :mndividual
skills test before navigating a route, and half
recerved it afterwards,

Sty Infantrymen, selected from 24 rifle
companies of an Infantry Division, were eval-
uated. Varying in rank from Private First
Class to Corporal, all subjects were gradu-
ates of Basic Combat Training and Advanced
Indivadual Traimng, and had particapated in
an average of three months of Basic Umt
Traniag.

The procedure, for any one Infantryman,
was as follows He was given a general
orientation concerning the activities he would
undergo for the day. He was then given the
mdivadual skills test, if he was in the ap-
propriate group, and next taken to one of the
navigational routes. There the soldier was
given a map, a compass, a pace cord, and
2 route card, which had magnetic azimuths,
distances, and check points recorded onat,
He was next given a route briefing covering
all pertinent aspects of the route

As the Infantryman navigated over the
route he was accompamied by an observer.
This observer walked about tenmeters behind
the navigator and carried a checkhstofnavi-
gational behaviors. As sigmficant behavior
occurred it was noted by the observer on the
checklist. At the completion of the route the
Infantryman was given an interview in which
he was asked to explain some of the behavior
he exhibited while navigating the route,

The methods of assessment just outlined
proved to be excellent diagnostic tools. The

pleted and seven basic navig 1 skills
werce ident.fied These are compass sighting,
c¢hecw-point recognition, map on

y of various skill areas was estab-
hs‘acd and Approprxate action has been taken

ros-tion location, azimuth determination, ac-
curacy of pacing, and map-distance measure-
ment. These skills were arranged into a
proficiency type skills test where each skall
w2s tested separately.

In the next step in the research, the
questlon of navigational difficulty was con-
sadsrea, We found that the major variable
in controlhng navxgahonal diffaiculty was the
1dentaf; and q variation of

nz7

m the Ad d Land Navigational Program
to stress those skill areas which were found
to have a low level of proficiency in the
present investigation,

As a result of this investigation, the
vahdity of the terrain difficulty parameters
was established, It was found that 55 per
cent of the Infantrymen reach the objective
on the ecasy routes, 45 per cent on the
moderate routes, and 5 per cent on the
difficult routes,




Since there were no background data on
which to scale the various route difficulty
dimensions, 1t had been deccided to use a
mathematical average ofthe difficult and easy
route parameters for determinming the quanti-
fication of variables for the moderate routes,
For cxample, the easy routes were one maile
in length, the moderate routes one and one-
half miles, and the difficult routestwo miles.
Although this type scaling turned out quite
well 1n general, 1t 1s obvious that, watha 55-,
45-, 5-per cent split, some of the determining
parameters are probably curvilinear inform
rather than simply Linear,

An interesting side Light developed when
the data of this study were analyzed. It
was found that there was no statistically sig-
nificant relationship between scores onthein-
dividual skalls test and navigational behavir
on the routes where the skills were required
to be integrated. This implies that land
navigational ability should only be tested inthe
operational setting, as a proficiency type in-
davidual skills test will not be atle topredict
with validaty,

From this general study several specific
human factors questions arose onwhichthere
were no empirical data,  Accordingly, a
further series of studxes was desxgned mn
order to

One question that had arisen durmg the
conduct of the previous investigation was the
effect of various hand-held weapons upon the
magnetic field of the compass, Although
Field Manual 21-26 gave some general rules
for several weapons, i1t was found tnat these
rules were not based on empirical data and,
further, didnot cover some of the newer weap-
ons available to the Infantryman. Accord-
ingly, a study was prepared in which all
hand-held weapons ordinarily availabletothe
soldier in an Infantry battle group were
studied as to their effect on the compass,
Specifically these were the M} rifle, M14
rifle, Mé60 machinegun, M79 grenade
launcher, .45 Calpistol, M26A1 hand grenade,
and bayonet. Further, such items or equip-
ment as the helment, entrenching tool, can-
teen, and the web harness and pack were in-
cluded in the study,

It is well known that a magnetic field is
not circular in shape but instead exhibits
concentrated lines of force at both the north
and south poles of the specific field, There-
fore, the compass was placed in a stationary
posiiten and the various weapons and items of
zguipment were moved toward and away from
at usang eightdifferent directi A modified

was from either a north or south dircction
and the greatest effuct was exhibited whenthe
approach was from the cast or west,

For purposes of simplicity, the greatest
distance, regardless of direction, at whichthe
criterion effect was shown was labeled the
danger distance for the particular piece o1
equipment under study.

It was found that the danger distances
varied from 0 to 15 inches depending on the
specific prece of equipment tested. In gen-
eral, as the mass ofthe equipmentincreased,
the danger distance also increased .o that
the maximum danger distance recorded was
for the M60 machinegun which was also the
largest piece of equupment tested.

Because of the small danger distances for
the smaller items of equipment, it was found
that, if an Infantryman was equipped with a
web Delt, arness and pack, had anentrenci-
ing tool and a canteen in the usual positions,
had two M26A1 grenacdes clipped on the har-
ness near the soulders, had his rifie slung
over exther shoulder, and was wearing a
helmet, he could use the compass without
laying down any of this equipment. However,
it 18 suggested that for the larger hand-held
weapons a distance of at least one meter
should be considered as the safe limit for the
operation of the compass,

The question of whether to lay down equip-
ment when using the compass evolved into
another area of research. Theusualcompass
holding position, taught in the navigational
courses, is called the sighting technique,
This requires that the navigator hold the com-~
pass at eye level, sight through a pair of
slots at the desired object, and then focus
a glass eyepiece so that he can read the
directional azimuth which appears under the
index line, Altogether, there are seven
different steps that must be completed to
ensure a correct reading when using the
sighting method.

We had found that trainees often did not
bother to complete all the steps required for
sighting and thus many times obtained an
incorrect reading on the dial of the compass.
The question arose as to whether another
compass method could be fourd that was just
as accurate as sighting but was iess tedious
to use,

It had been known for some t;me thalthere

was a different p
used by many expenenced mvxgators This
was usually called ‘‘shooting from the hip'’
and was known to be a faster way of using the
E 1ly this required the nava-

method of larmats was used, with a compass
needle deflection of faive degrees serving as
the crirerion of effect.

As expected, there was a direct relation-
ship shown between the direction from which
the equipment approached and the defiection
distance of the compass needle. In general,
the least effect was shown when the approach

ga!or to simply open up the compass all the
way, hold it at about waist level, and to look
out over the cover of the compassat the object
i question, He then read the directional
azimuth directly under the index line wathout
the aid of the magnify:nglens, Thistechnique
reduced the number of steps required for
efficient operation from seven to two. The

118




question to be answered, however, was
vhether when the trainee used tnic hip shoot-
ang technique he could be as accurate in his
deterrmination of azimuths as he was whenhe
used a sighting technique.

Accordingly, a study was designed which
varied the compass holding techniques under
twe conditions, The first condition had the
suojects sight on a nurnber of panelsand give
the magnetic azimuths to the panels. The
second condition required the subjects to
navigate from point-to-point whils using the
compass 1 a specified holding position.
Compass positions were counterbalanced and
varied so that all subjects used all compass
holding positions on various navigational
routes, This test was held under both day
and nmight conditions of illumination,

It was found that, in the test which re-
quired signting on the panels, there was no
aifference between the two compass holding
positions. Thus, it appeared that the hip
shooting method of compass usage was just
as accurate as was the standard sighting
method when used in a stathionary position.
However, in the route navigation part of the
test, it was found that, when subjects used a
hip shoot procedure, they hit their objective
more often (statistically sigmficant at the
five-per cent level) than they did when they
used the sightimg position, We believe this
was due to the fact that the hip shooting
method, while being just as accurate as sight-
ing, was mucn easier and juicker for the
trainee lo use and thus lhe subjecis were
more proficient when using this techmque.

Since that study was completed, we have
refined this technique and now call it the
center-hold method of compass usage. We
recommend that the trainee hold the compass
an the center of the body ana vary the vertical
position up and down until his personal vasual
acuity gives mim a good focus on the dial.
This 1s the only holding techmgq
that will be taught in our Ad d Land

ging survey was condacted at the Mountaur
Ranger camp at Dahlonega, Georgia, the
Florida Ranger Camp at Eglin AFB, Florida,
and also here at Fort Benning Alicgether
there were 604 observations made over a
period of about two months, It was found
lnai, aitnough tnere were differences in
frequency of fogging among the three instal-
lations, the over-all means indicated that 79
per cent of the compasses remained free of
fogging at all times (range 70 - 92), 14 per
cent became partly fogged but still readable
(range 8 - 18), ard 7 per cent becanue com-
pletely fogged and unreadable (range 0 - 11},

Further analysis yielded three conditions
under which the majority of fogging occurred.
The first condition was 1f the compass was
well worn When this occuts the cover glass
becomes loose from the frame, the distance
between the two glass covers enlarges and
thus there 1s a greater chance of moisture
en'ering and condensirg betweenthe two glass
surfaces,

The second condation under whichfogging
may occur 18 when the temperature of the
air 18 very cold and the compas: is erther
carried in the hand or wornonathong around
the neck inside the clothes and next to the
body. When the compass 15 used underthese
conditions the difference in temperature be-
tween body heat and colder air causes the
glass to ‘‘sweat’” and thus fogging may occur,
I might add a note here and say thatin
extremely cold weather we recommend the
compass be carried in a belt pouch when not
in use or if 1t 15 carried around the neckat
should be hung outside the clothing where 1t
can assume the same temperature asthe air,

The third condition in which the compass
may fog 1s when there 15 an abundance of
humadity in the air. Although we found that
1f it were raining, or if it were extremely
humid, more compassesdid appear tofogthan
when 1t was clear, we found no direct re-

Navigation Program.

While I am reporting to you some studies
that we did involving the compass, I will
mention a survey we carried out concerming
the condition of fogging that was reported
to occur on occasion inside the cover glass
of the compass dial.

The present compass has two main glass
surfaces. One glass acts as a cover to the
bowl of *he compass, and the other glass is
wmmeazately above this and has several
iechnical uses for nawvagational purposes,
It had been reportea that somelimes fogging
would occur between the iwo glass surfaces
and since the top piece of glass can not be
easilv removed 1n the field, especially if you
are rioving, this proved to be a realproblem
to the reading of the compass dial.

With the help of the Ranger Department
and the Map Reading Commattee of the U,S,
Army Infantry School {USAIS) a compass fog-

hip here as the great majority of com-
passes did not fog even in a severe tropical
rawstorm,

I have discussed, rather thoroughly, some
of the directional aspects of land navagation
specifically with relationship tothe compass.
Next I wall talk about an area that is just
as amportant as far as navigationis concerned
and that is the determination of distance
traveled.

There are various methods of measuring
or estimating distance traveled available to
the navigator. One of the most common, and
one that 1s a major part of the dead-reckoning
process, 18 the counting of paces. This 1s
usually called pacing and the nawvagator re-
cords one pace cach time either foot strikes
the ground. In the lLiterature onc can find
many references to the fact that the pace of
an indivadual wall vary ain length depending
upon the amount of illumanation, degree of
slope, direction of wind, type of terrain, etc.

19




Huwever, on closer examination we found
that there was no precise data on which to
support these claims and since we had an
interest in this area, becauss of our Ad-
vanced Land Navigation Program, a system-
atic study was done testing two of the
wariables.

1 was decided that the two types of vari-
ables the average navigator constantly comes
in contact with when navigating are level of
illumination and variability of terrain. To
study the terrain var:iable, two pacing
courses, each exactly 800 meters long, were
la:d out. One course traversed an area of
the Fort Bennng reservation where the land
was gently rolling, wnere there was quite a
few trees, but there was little underorush,
The total difference 1n elevation occurring on
the course was about 35 feet, The second
course was laid out on a flat, dart road that
was completely clear of any vegetation, The
total differences in elevation occurring onthis
course was less than one toot.

Subjects were split into two groups for
control purposes, and each group paced the
two courses both by day and by might. A
counterbalanced design was used inwhachthe
variables were presented to the groups in
alternate order to obviate for any serial or
practice effects,

It was found that there was a statistically
significant difference between the number of
paces taken by the subjects on the various
pacing courses under changing conditions of

baned

trainees to get the might exercise completed
and to move back tc the barracks We have
no data to support this conclusion

In the analysis of the pacing data, an in-
teresting and significant finding came to light
As stated previously, the various pacing
courses were exactly 800 meters in length.
Part of the procedure involved collecting data
every 100 meters and thus for any one in-
dividual we essentially had eaght pacing stand-
ards. When we computed the mean for all 800
rmeters and considered that as the normal
pace count, we found that 80% of the dev .atzon
from the normal pace occurred within the
first 400 meters ofthe course, This suggests
that 1f a pacing course 1s to be established
for traiming purposes, it should be no less
than 400 meters in length as having a course
shorter than thas will give an unrealistic
picture of the individual pace count.

The last study I shall report to you in-
volves the question of detouring from a base
azimuth when using the dead-reckoning proc-
ess 1n navigation, In order to detour cor-
rectly four 90-degree turns must be made
by the navigator, If he s careful in making
these turns, and keeps an accurate count of
the distance he has moved off the base
azimutk, he can return to the base azamuth
after he has passed an obstacle and be sure
he 1s back on his correct route, [he usual
procedure has been to tell the trainee to do
facing movements (right face, left face) when
attempting to make the 9C-degree turns

1

wvisibility. When the data were
there was a difference at the ,001 level be-
tween the day and might conditions of 1llumi-
nations  During the day, the sub,ects took
shorter paces than they did at might, When
the variables were analyzed separately it was
found that there were also sigmficant differ-
ences between the day road and the day field,
the day road and the night road, and the day
freld and the might field, There wasno signmf-
1cant difference between the road and the field
when 2all data were combined nor betweenthe
mght road and the might field when the data
were considered separately.

These data lead us to behieve tnat the
question of the effect of varying types of
terrain upon the pace count still has notbeen
completely answered. It 3s suggested that
further research in this area should select
pieces of terrain that are quite dissimilar
in cnaracterastics, but neve theless repre-
sentatz e of the basic types of terrain found
-u many places in the world, By conducting
such research the question of the individual
pace count can be answered.

However, the results of this study defi-
nitely indicate that the individual pace count
does change under differing aegrees of illu-
mination, The taking of longer steps at night,
as compared to daytime, cannot yet poe ex-
plained but one of our staff has suggested
that this 1s due to an increased drive by the

tated by an obst

However, past research had indicated to
us that trainees were not making these turns
accurately enough and thus becoming lost due
to being unable to return to their correct
route. Accordingly, a study was designed to
give us gwdance in this area,

Subjects were supplied with a compass
and given a base azimuth, They were told
that they must detour around an obstacle and
that to accomplish this they would have to
make a 90-degree turn to the left and then to
the right. Each subject completed this pro-
cedure three times during dayhght and three
tames 1n darkness,

We found that during daylight the subjects
had 2 mean deviation fromthe 90-degree turn
of about 11 degrees for turming bothrightand
left. During darkness this deviation in-
creased somewhat to about 15 degrees for
both right and left turns. Since it had prev-
1ously been decided that accuracy demanded
the facing movements be made within f.ve
degrees of the base azimuth, this method of
detouring using facing movements was re-
jected.

SUMMARY

Today, I have discussed with you several
human factor studies the US Army Infantry
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Human Research Unmit has completed during
the past ycar. Although these studies were
specific to land navigation, we feel that many
of the methods reported here can be used an
research in other areas. Perhaps ourmajor
finding has been that it is not always valid
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to test the separate skills of a complex per-
formance task when you are attempting to
predict the proficiency of the integrated per-
formance. It is obvious that, if this 1s true
for one area of human factors research, itis
probably true for other areas also,




B, PROBLEMS IN THE DESIGN OF AN ARTICULATED ARMOR VEST USING RIGID COM-
PONENTS by E. R, Barron, U.S. Army Quartermaster Research and Engineering Com-

mand, Natick, Massachusetts

The origins of man-made body armorare
probably almost as old as man mmself. Be-
gmmrq with a rough shield of tanned skins
stretcied on a wooden frame, gradual im-
provements have evolved over the years.
Many i1deas were undoubtedly copied fromthe
natural armor of ammals, but progress ac-
celerated abruptly with the advent of metal
technology.

Such body armor was adapted to combat
conditions and tactics of the iimes and was
of course lLimited to available natural ma-
terials of sufficienthardnesstodeflect a blow,
the velocity and intensity of which were
lLimited to human force. Manalsodiscovered
that tne toughness and strength of metals
created other problems since a sheet of iron
or bronze «as rigid. Armorers realized
early that the rigidity of anarmored garment
lymited bodv t, caused d fort,
and affected the combat efficiency of the
warrior. These same problems face the de-
sygner of present-day body armor,

One usually envisions armor as the
ornate equpment of the Kmights and the
wealthy, used mainly for jousting tournaments
and parade, and made-to-crder by an army
of skilled workers. However, large quantities
of armor were also developed for use by the
common foot soldier and made on a mass
production bas:s R

The Battle of Wisby 5] which was fought
between the Danes and Gottlanders in 1361
demonstrates quite wvavidly the armorers
technical skills and efforts to obtain maximum
mobility. Additional evidence of armorer
technology was gained from a mass grave of
1800 soldiers (see Figure 1) uncovered ac-
cidentally n 1905 at the Swedish Island of
Gotland, which presemed the pathctic picture
of the horrors that accompanied a war of
those days {5]. The army was made up of
peasants who patched up and donned old suits
of armor for ihe hand-to-hand struggle.,
Twenty-five comglete sets of different armor
were found, It appeared that different de-
tachments wore different kinds of armor,
The Swedish Museum of Antiquities under-
took a comprehensive study of these dise
coverine which was published in 1939 [5] and
coald serve as a primary designhandbook for
the pIesert-day 3.mor technologist involved
with rigid materials, Mass findings point oyt
a progressive development of armor from a
small number of large rigid plates to alarge
number of small plates in order to obtain
maximua mobility. This 1s 1llustrated in
Figures 2-5.

Among the finds were six different de-
signs and two basic construction (See Figure
2). There were coats of plates of Frenchand
German origin, cons:stwng of from six to 600

plates using arivet construction There were
also lamellar armor of Tibetan origin of up
to 600 plates using a leather thong construc-
tion (Type VI), and front openings (Type Vi

Figure 3 15 a typical coat of plates of
Type I, found at Wisby using 22 plates with
3 one piece rigid pavot-type shoulder and
opemng in the back. Note the extent tos ™ich
the armorer went o have the plates conform
to body contour.

Figure 4 represents the extreme to
achieve maxamum articulation, a Type V coat
of plates. This armor 1s unique among the
finds, consisting of 495 plates, and 1s a short
armleas coat open 1n front wihere it was held
togethzr wath buckles. The reinforcing con-
sisted of smail narrow plates riveted to the
insiude of a leather covering.

The actual dimensions and pattern layout
of Type V armor are showninFigure5, Note
that the frort bottom is longer than the back
by two rows of rlates to formapendant skart,

Figure 6 illustrates the extent to which
shoulder protection and mobility were
achieved. This construction, incidentally,
has been utilized inthe latest QMC Composite
Armor Vest. By the time of the Middle
Ages, intricate and ingenious susts of armor
had been developed, capable of withstanding
shattering blows and vicious sword thrusts.

With the advent of firearms, the use of
tody armeor declined and the armorer’s skill
became a lost art. However, occasional use
of armor occurred from time to time, Even
in the Civil War there is valid evidence that
metal body armor was used to protect the
thorax and abd Exper: tation with
various 1s and designs was sp ed by
the Germans and Alles in World War I,
Toward the end of the war fairly large num-
bers of thoracicc abdominai vests wers made,
bat were never satisfactorily tried upon the
f1¢1d of battle.

Throughout the history of armor, in-
cluding the present, garment rigidaty is the
principal problem inherent in all armor de-
sign. In World War I body armor was suc-
cessfully used only in protection of flight
personnel in a static and seated position,
since matcrials with good ballistic resistance
were rigid and heavy. The infantryman couté
not wear such equipment without affectinghis
efficiency.

Body armor foliowed anerratic pathafter
World War II, Basic problems had to be
solved in order to provide protection against
massiles of various velocities and sizes with-
out bilizing the soldier. In modern
warfarc, top priority has been given to
mobility and a vigorous campaign has been
waged to reduce the weight of equipracnt.




Increases in fire power have greatly auge
mented the density of wounding agents. ¥ound
ballistic studies and field research under
combat conditions, directed by the Surgeon
General’s Office [2], established the fre-
quency and distribution of wounds according
to anuatomic areas of the body. Studies were
als~ made which indicated the maximum
encrg, loads that soldiers could carry which
showed that each additional pound of garment
weight reduced proportionately the individual
soldier’s combat efficiency. Infact, soldiers
burdened wath the weight of body armor,
which, as yet, had not proved itself, threw
their vests away or refused to wear them.

During 1947 the QMC developed Body
Armor which covered the torso from the
base of the neck to jusi below the waast,
The ballistic material consisted of laminated
fiberglas (Doron) in the form cf flat, square
or ob' ng ragid plates, held inplace by a jacket
with seamed pockets tohold the plates :nposi-
tion. The plates were ar-anged in an over-
lapping man:er to avoid separations while the
wearer was moving. The rigadity ofthe Doron
plates rostricted movements and causcd dis-
comfort Bending fromthe waist was diffacult
and shy’ .z of the plates aggravated the pos-
sibalaty of unprotected areas.

The Korean War and its high mortality
rate emphasized the need for armor {2), and
as a result certain Marine Corps troops
were provided with Doron plate vests. How-
ever, smnce the QMC considered ‘‘Doron’’
rig.d plates too heavy and restrictive, they
@ ~loped a vest on the basis of research
« 2 they had availabic using multiple layers
.£ 12 oz nylon fabric. This wasa significant
accomplishment since the resulting item
-weighed only eight 1bs, The soldier could now
perform his mission without immediate fa-
tigue or discomfort This was a first stcgto
provide practical protection to the combat
soldier. However the significant reductionin
mortality rate engendered a feeling of safety
m wearing an armored vest and produced a

lengtk 1s daminished some three inches, The
complezity of the pcoblem 1s evident by the
relationships involved in these data As the
arms are moved forward, the shoulders are
raised and a wade range of dynamic changes
takes place 1n scven areas of the back,

Figure & shows torsodistortionina firing
position and how shoulder breadth i» greatly
reduced. The contraction of the dastance be-
tween the base of the neck and the acromion
1s three anches. The length of the torso on
one side 1s 15 inches and on the other side 1s
17 inches,

It became evident that because of these
gross and interacting damensional changes of
the bedy, major design changes were requared
1n the nylon vest. These changes were made
poss:ble by using artaiculating ballastic panels.
In this connection, articulation is defined as
a joint between two separable parts or a
moving joint between parts. Articulationwas
proved in the back of the vest by an action
back construction located approximately at
the level of the lower tips of the scapulae,
(Sce Figure 9), This action compensated for
the increase in body dimensions due to
scapular rotation or elevationof the shoulder
By thas simple design techmique, two major
things were accomplished. Farst, hifting of
the vest was mimmized, thus decreasing the
gap at the lower edge. Note this lower edge
of the vest in both figures. There 13 a mam-
mum loss of body coverage when the soldier
15 1n the firing position, Second, thearticula-
tion or overlap at the back also compensated
for excess material caused by the decreases
i back size for certain movements, The
ballastic panels slhide over each other,
shorteming with body movement and prevent-
ing the helmet from being pushed forward

Finally, this construction was extendedto
the side op gs where overlapping of the
front and back pieces fully protectedthe axal-
lary areca of the body from the armpits to
the waist during all movements, This was

dramatic effect upon troos in contact with
the enemy, The eager acceptance of ballistic
protection for the vital areas of the body
stimulated several approaches to develop a
still raore efficient, nylon-type, armored
ves.,

In the preliminary work conducted by the
QrMC on the nylon vest, it became evident
Caet « though it consisted of cioth, there
we  »1,or problems, chefly rigadity incer-
t2 p 21 _..8, bulk, compatibality withother field
<lanine ana weapons and articulation re-
quirements

Tae.efore, preliminary studies to solve
these orot.ems were conducted by the QMCon
rovements which take place when the body
assuroes tvpical combat positions, Some of
the findings are shown in Figures 7 and 8,

Gross body dimensional changes in back
length cre shown in Fagure 7. The totalback

plished without bulkiness or d.scom-
fort, and was a derable ad t
over ecarher vests which were prone to
gapping and thus exposed the sides of the
body.

Figure 10 illustrates that even these im-
provements did not provade complete accomo-
dation for full articulation of the shoulder
area and chest. Bunching up of the ballistic
material still occurred, caus:ng pressure of
the material agamnst the neck,

Advances 1n research on ba.hstic ma-
terials made other new rigid metals availaole,
particularly titamum, In order to dewvise
means of using these, a pre-design study of
free moving body armor systems was con-
aucted [4] to further studythe workoriginally
imhated by the QMC daring development of
the Korean vest, The results are shown 11
Figure 11, It s clear that as the surface of
the human bocy twists and stretches, 1its




curvature changes from concave to cenvex,
both separately and simultaneously. Also,
contortions are different at various locations,

The technique used in this study was to
mark the center line of the back and front of
2 typical torso with dots spaced three inches
apart. When the torso bent forward, the first
three-inch space was shortened by one-half
mnch, the second three inches remained con-
stant and a gradual shrinkage or compression
from three-quarters inch to three inchesoc-
carred in the lower torso. The distortion of
the front of the torsoinbending backward was
1in the reverse direction and represented a
one-quarter to one-haifinchincrease inspace
between the dots. At the same time the line
on the torso back had a shrinkage of from
one-quarter to one-half inch between seg-
ments except in two areas where the dimen-
sions remained constant, In bending forward
the back line was expanded from one-half to
one and one-quarter inches between the dots.
Bending to the left and right showed the
largest change, from ten inches to 251nches,
This mnformation was applied in the develop-
ment of the composite armor vest,

Using newly designed front and back
articulating panels consisting of four-ply
ballistic nylon and .032"’ Titamum, a proto-
tyoe composite armor vest was designed

using the same construction have been made
leading to the conclusion that bulk 1s mate-
rially increased, and the articulating panels
do not function a3 well as ballastic nylon be-
cause of the nature of felt-type materials.
Enlarging the plate size, reducing the number
of plates and overlay might solve some of
these problems. It was determined at this
point that an approach involving empirical or
trial-and-error methods would be costly and
anconclusive. Progress in this area has al-
ready been made as a result of more recent
study of the ch in body ¢ as-
sociated with movement, so as to delineate
those areas whichdid not require articalation.
This study may well provide a handbook of
design criteria for modern rigid armor sys-
tems {1].

Instead of merely marking off the center
line as in our previous studies, the torsoas
marked off in a gr:d of two-inch squares.
The subject then assumes a series of posi-

tions, subsequent to his g a positi
measurements are made of the changes in
rid d These serve as a

guide to the plate size and articulation re-
quirements. (See Figure 14).

Very sigmficant changes occur when the
arms ace raised. The lower thixd of the

utiizing imtially 249 titanium plates. {See
Figure 12). As the overlap area represents
20 per cent of the total weight, 3-1/4"" square
and 2-1/4" square plates were found to pro-
vide the least t of overlap, ent

torso r fairly t, whereas the
chest and shoulder grids change from hori-
zontal to curved lines. The center line how-
ever remains fairly conmstant (Figure 15).
This photograph of the backis representataive

with required articulation, Plates were at-
tached by either stitching, stapling or in
individual cloth pockets, and articulation was
dependent upon 2 slhiding movement of the
panels over each other to compensate for the
dynamic movements of the body. This
orig, ‘nal vest weighed ten ibs.

The final prototype selected for field
testing had 149 plates and a Velcro front-
closure system and we.ghed 8§ lbs, 15 oz.
(Sec Figures 13). It can be seen that the
articulating armored pivot shoulder pad ap-
pears to solve one of the major obstacles in
applying rigid metal plates to the shoulder.
The vest 1s considered to be capable of mass
production at a cost of approximately $60-
$80 per umt. Tests conducted at Mt, Wash-
ington, and at Fort Lee from June to August,
1961, using standard cold-wet, cold-dry, and
hot weather clothing and the new QMC in-
tegrarcd clothing ensembles indicated that
~f the four models tested, the 8 1b, 15 oz,
<est, with 129 plates interfered least with
performance in sumulated combat activaties
and was preferred by all test subjects [3].
A concurrent engineering and service test of
this model is now being conducted with type
classification scheduled during FY 63,

Now, the question arises, can the newer
nylon felt or batting materials bec used in
this same vest design? Vests of felt/titanium

of these changes and indicatesthe complexity
of providing articul fort with rigad
materials in the shoulder area.

The recording, plotting, charting, and
analysis of data were completed for the ten
body positions studied. Initially, an attempt
was made to establish maximum values of
distortion (expansion and contraction) forthe
complete torso, i.e., theabdomanal, thoracic,
and shoulder reg: Hq <, q iative
values could not be obtained imtially for the

houlder area b of the plex.ty of
the shoulder structure and the need for spe-
cialiced itechniques for studying this region,

Figures 16 and 17 are diagrams of tne
data for distortion on the grids on tae back
and chest respectively which occurs when the
arms are raised, Remember the grids are
normally 2’ square. Figures18and 191llus-
trate the gross dumensional changes givenan
the previous Figures,

The range of distortions associated with

ts  involving e abd 1 and
thoracic areas was successfully established.
This was accomplished by measuring and
analyzing the effects of all ten body positions
from a system of vertical and horizontal grid
lines applied to the torso of a test subject.
By selecting maximum values of compression
and extension for each of the grid hinss, it
was possible to develop a series of graphs,
In these graphs, the extreme limits of body
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surface distortron are clearly :illustrated
Figure Z2 illustrates the maximum charges
mn the verlical dimension which occur at the
anterior (front) of the torso. For example
Line 3 in Figure 20 may be displaced down-
ward as far as the dotted line, upward as far
as the solid curved line, Simalarly, Line 7
ma- be displaced downward to the dotted lane
or upward to the curved solid line,
Followang the completion of this study,

as his own accumulated knowledge on the
activitzes of combat soldiers. Initas way he
can beassured that hisitem s compatible with
the spectrum of hot and cold weather clothing
and with the functions and duties of the combat
soldier.

The research which has been described
in thas paper is an excellent example of the
types of sxgmx‘xcant item improvernent which
can be obtained if human factors research 1s

criteria for tre design of 1 and
thoracic regions were established, based on
the data provided by the Phase I investiga-
tions, The shape and arrangement of plates
for the thoracic and abdominal-lumbosacral
areas were developed from a bined study
of bodv position photographs and grid distor-
tion layouts. These datandicatethe extreme
distortion and articulation requirements of
the abdominal-lumbosacral region, hence the
requrement for a relatively large number of
narrow plates oriented in the horizontal
mode (Fagures 21 & 22). Simalarly, therigad
mad-thoracic region enables the use of rela-
tively large, square configurations of plates,
the upper thoracic regions, adjacent to the
shoulder area, smtiates the need for special
plate shapes which are narrow inthe vertical
mode. A roug: prototype incorporatingthese
findings has been made (Figure 23), The
v 2st has 65 plates as comparedtothe present
titamum vest which utihzes 135 plates,

To the devel the ion of all
research 1s an end item, Thus for the de-
signer of armor, success requires the apph-
cation of the findings of the mater:al re-
searcher and the human engineer, as well
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1 y coordi d and integrated with the
designer at the earliest phase possivle inthe
development cycle.
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Plate Armour

Figure 3.

Lamellar Armour

Figure 4,
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QMG BODY ARMOR DESIGN

BODY DIMENSIONAL CHANGES

STANDING PRONE
POSITION POSITION

_ __FROM 3" TO Y5 ___
= iV o

Figure 7. Dimens:onal Changes

QMC BODY ARMOR DESIGN

DISTORTION IN UPPER TORSO

COMPARATIVE SHADED AREAS
EMPHASIZE SHOUWLDER BREADTH
REDUCTION, AND CHEST DEPTH
EXPANSION, AND DiSAPPEARANCE

i £F UPPER CHEST INTO NECK AREA. ,“’

2
A
% o

235

Figure 8, Upper Torso Distortion
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QMC 80DY ARMOR DESIGN

THIS 1S "ARTICULATION"

THE MAN IS IN  THE MAN MOVES THE VEST MOVES
THE VEST WITH THE MAN

Figure 9. Vest Articulation

QMC BODY ARMORDESIGN
THIS IS "ARTICULATION"

THE MANIS IN THE MANMOVES  THE VEST MOVES
THE VEST WITH THE MAN

Fagure 10. Vest Articulation
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Figure 11. Torso Stretch & Compression

131




Figure 12. Plate Layout of Titanium/Nylon
Composite Armor Vest
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Figure 13, T62-5 Composite Titarium/Nylon

Armor Vest
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2 Inch Grid Marked on Torso

Figure 14.

re 15, Gr.d Distortion when Arms are Rased

Figu

133

ety




ix
_ut._f_..q,_ .

»
-

T e 2 A
v
~
>
-

# e
3

He---p ik - —-I’I-—T—*h - »
% zL i

L %

—i¥ - L ~4i——4 [

% B

-t et 1

-

%

% s
*

2%- 4 4

—— VR TIC M e

e doa— ik
IL 1;2 zt! 2%
etttk - ELRE S 1 l i
[ % t % 2%
;——ve——-a——f——b—-—t%-»u - 1% -2 -
{'x f N % |3 d
:—&,‘.——-——J&M_;--w- s T S LB FRY S
% § * * 3 d A
l—e%——-——t’i——i—— e -—2%—-4- 2% 2%
%k O T R SR
—a e ka2l ; % - R
% % ik z 3 %
— e 1% e % ’»» % - 2--e 2%
% tk % t % t 25
—h—e— o % . % o i e
¥ % % 2 d * *
t‘—a&—-_a—--p R
& % % t i3 : %
[ B A S I
4 s we w o -

q
——— ORI T ONTAL.

—AL COLIMN §

Fagure 16. Chest Grid Dastortion Data

134

]
¢




L1
L R
2% 1
3%

i

%
%

%

ot i%- - 1%

14

%

2%

-

[t

11
%
ire

%

Back Grid Distortion Data
135

r—tD HEST §

ere

——e KORILON TAL e

Faigure 17,

L]

%

£

—ak -




}

/

Y

Pos Trod IT < FRONT Foew

Figure 18, Front Gross Dimensional Changes -
Arms Raised

————ry

Posctian Do Back ¥ev

Figure 19. Back Gross Dimensional Changes -
Arms Raised

136







~——ea I B

et e

Thorax

Area

4

Positive Displace-
nsent (Plate Over-
lap Decreases)

| Negatave Displace-
ment (Plate Over-
%ap Increases)

T — e o S e = =1
Abdonin - -1 Y
Area "N -

0 Iliac

RF4 RF3  RF2 RFL [ L1 LF2
fe—n10 cuest
FRONT 10RSO

VERTICAL DISTORTION
(ABDOMINAL AREA & THORAX AREA EVALUATED SEPARATELY)

Figure 21. Maxamum Compression and Extension Values

Crest

w3 LFs Line




- 12, Dact vies - Mockup Vcst Embodying Plates Based Upon Anthrovometric Study

119







a

DESIGN AND DEVELOPMENT OF GLOVES by H. Madnick, U. S. Army Quartermaster

Research and Engtneering Command, Naticx, Massachusetts

INIRODUCTION

Histor:ans have discovered that theuse of
ginsves 18 an ancient practice, known even to
prehistoric cave dwellers Statements ofthis
sort, which appear all through the hiterature
on history of handwear {9), are apparently
based upon analogies to the Eskimo in the
Paleolithic culturc Inallprobability the vare
10us groups of upper Paleolithic peoples in
Europe and those living inother regions of the
Holarctic Zones used some sort of hand
covering. However, there is no positave
evidence that suchwasthe case Suchperish-
able materials as would have had to be em-
ployed would not have withstood the ravages
of time,

A sophisticated fourchette glove was found
in the tombd of Tutankhamen {9]. King Tut’s
g]ove belongs to the lincage ofthe dress glove

with cer occasions and
symbohzes the social gulf betweenthe nobilaty
and the Fellaheen. The ecarliest concrete
evidence bearing on some form of hand cover-
ing for work came to light in the tallstatt
Salt Mines of Lower Austria. These mines
were exploited during the early part of the
firat millennum B.C, [14

Ir modern tames, with the increasing use
of gloves for protecting the hands of workers
has constituted a major area of development,
Durable construction and low-cost prod

tion

the degree of skill wath which he canperform
many of his most critical battlefield tasks.
Thas constitutes a very important area for
research and development in which there 1s
a continued attempt to increase the combat
soldier’s efficrency.

FIT AND DESIGN CHARACTERISTICS

The design of handwear, like other ele-
ments of the soldiers’ equipment, bears a
definite relationshiptothe natural and enemy-
imposed environments in which the soldier
finds hemself His handwear must prowvide
insulation against the cold, protectionaganst
rain and spow without getting wet, and it must
be able to withstand physical forces which at
encounters such as abrasive surfaces, muck,
coze, wet snow and mud, It must also evoke
no important psychological or physiological
performance decrements, The man mustnot
feel that his gloves are ““in the way’’ so that
he must remove them to get his job done,
and they must not unduly fatigue his hands
and {srearm muscles, The objectaves, there-
fere, in the QM hand protective programare:

1. To provide adequate environmental
protection and allow the soldier to perform
required tasks. Soldiers are frequently un-
able to ulilize costly and sophisticated types
of ent b the available handgear

characterize present-day work gloves above
all else, Gloves having special construction
features, such as gauntlets, extrare:nforcing
patches, remnforcement with metal-bearing
abrasion-resistant surfaces, and spacial
acid-resistant or other sirmlar specialtypes
of materials, dominate the work glove field
today, The concept of functionality of this
nandwear, maximizing what the man can do
when weax-mg the glove, 1s clearly not em-

af at 1s dered at all, Since
workers will not pay very much for a glove,
1t must be cheap and durable; whether the
individual can bend his fingers while wearing

the glove, or whecher his hands become
fatigued from ‘“‘working agamst the glove
has r d little m work

glove design Fromthe standpoint of milatary
hanawea., however, the man’s ability to pexr-
fo:r. a1s assigned tasks with dexterity and
munimum fatigue 15 a primary consideration,
Soldiers are not sent to the battlefield to
demonstrate the durability or low cost of their
clothing, any more than to show off its ap-
pearance., They are there toperform certain
tasks, and the efficiency of thexr performance
will help to determine whether they or their
opponents will win, and more impor.ant,
vhether our nation may be able to survave.
Hence, the handwear of the soldier affects
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does not allow the soldier to properly per-
form the required hand functions.

. Top de a minimal ber of sizes
for ease of logistice, yet allow the population
of wearers to complete their assigned tasks
efficaently,

3. To provide handwear with the char-
acteristics of a synthetic skin and to anow
the ring to its di
conform to the varymg posmons of the hand
with a of d t and
fatigue.

To meet these objectaves and yet provide
a second skin, soft and flexible materials
are most desirable. As in many areas of
clothing where origing are lost in the ruins
of antiquity, the feasmitility of using certain
types of materials was worked out so long
ago that we tend to take their availability for
granted today. Who would think of leather
as a radical type of material for gioves?
Yet, over the centuries, as a prime example
of artisanshipand craftmanship, specialtypes
of leather for gloves have been producedthat
have many of the desired characteristics and
function like a second skin.

Knitted materials are usedas hand cover-
ings and also give 2 tight fit. In part, this
18 also taken for granted. Use of kmtted
not only p: the needed stretch




required n the hand covering, but also pro-
vides excellent arsulation,

Why do we need stretch in glove materzals?
The answer to that 1s found in the changes in
dimension ot the hand which occur in normal
use and whach must be accommodated by the
glove materzal if the hand 1s not to be unduly
consfricted, For example, the length of the
back of the hand :ncreases by almost an inch
in the s.mple process of bending and flexang
The palmar side, similarly, 1s shortened
substant:ally, approximately 5/8inch {Figure
1). The problem of the glove designer 1s
what to do with the material on the palm
side of the glove which 18 not needed when
the hand 1s flexed and where to get the extra
mch of length on the back. Part of this can
be obtamed from stretching of the material
itself, The surplus material on the paim
can be dealt with only by careful designing
tc shorten the palm of the glove or to obtain
a eurved finger glove, This 1s easily said
but the difficulties of actual construction are
certainly not small, Similarly, there 1s the
problem of width and girth changes in the
hand (Figure 2). When the fingers are ex-
tended, the girth of a typical hand might be
7-1/2 inches but when the hand 18 closed, 1t
wiil be an inch larger, Again, the problem
15 where to get this extra mater:al,

The advantages of a kmtted material m
provading two-way stretch with mimmum
cffort 1s evident. A kmtted construction
easily stretches within any direction and
avoids any serious imitation on the bending
of the hand or significant muscular effort to
bend the fingers

Stretch can also be built into leather. In
ancient times, glove makers and designers
learned to treat ammal skins to retain stretch
in natural leather. The careful control of
stretch in both tanning and cutting 15 a basic
characteristic associated with high-priced
leather gloves, Commercial types of dress
gloves, however, though made from leathers
having desirable stretch characteristics, tend
to be so tight fittang that despite the stretch
in the ieather which can be used in bending
the fingers, considerable effort 1s required,
fatague develops, and blood flow 1s con-
stricted

In order to relieve constriction in gloves
the arly practical solutionistoprovide enough
space arcand the fingers and hands so that
evai when a glove insert 1s used to provide
wa.mth, there 1s still enough room in the
glove to allow the hand to bend wathout serious
constrict on. This ir achieved 1n part by the
design of patterns and by drawing excess
material back fromthe palmar side tothe back
of the glove by use of a strap just above the
wrist, In this way, extra di have

One factor of this approach 1is to insure
that the glove finger tength (Figure 3)1s sized
so that the finger tips of short-fingered
wearers will always be at the finger tips of
the gloves, with sufficient dimensions else-
where 1in the gloves to accommodate extra
long-fingered hands,

The importance of adequate fit of hand-
wear was stressed atthe conference on‘‘Pro-
tection and Functioning of the Hands in Cold
Climates’’ conducted at the Quartermaster
Research and Engineering Command, N .ack,
Massachusetts, on 23 and 24 April 1956 (8],
As a result, a new approach was takenl2lto
design handwear to satisfactorily fit rmhitary
personnel, In addition, werk done in 1956
under contract to the Quartermastér Re-
search and Engineering Command by Dr, John
Lyman-of the Department of Engineering of
UCLA [4] confirmed the criticalness of fitat
the finger tips that had been recoimzed
imtuitively during the development of the U.S,
Army Glove, Shell, Leather, during World
War II,

In an effort to apply the results of such
work as well ar to imtzate the design of basic
anthropometric hand forms, three sizes were
picked as a starting point, Forthe reference
nand forms, Size Small was based o the
broadest and thickest measurcments of the
30th percent.le population level, Size Mcdium
on the 75th, and Size Large on the 95th
percentile, To insure fit for shcrt fingers,
the small size was based onthe Sthpercentile
level, the medium on ‘ne 31st, and the large
on the 76th percentile.

Another concept of glove fit wasdeveloped
more recently. Based on Air Force studijes
of hands [1} and a general manumetric survey
[11], conducted by the anthropologists of the
Quartermaster Research and Engineering
Command, a study of the relaxed hand was
also initiated to obtain measurements which
could be utilized in designing basic hand
forms to fit the relaxed hand. Since standard
anthropometric measurements are custom-
arily made with the hand in an unnaturally
flat position which makes it easier to get
consistent results, these data werenotusable
directly for the design of hand forms to fit a
reiaxed hand. Thus, the dimensions actually
employed were corrected to suit a natural
rest or ready-for-work pose by recording
the differences inhand dimensions, using data
from a dozen wadely varying pairs of hands
measured in both positions. It was founithat
the differences of each measurement were
quite consistent regardless of hand size or
type. The dimensions derived fromthe man.
umetric studies previously mentioned were
utilized as the basic measurements for the

ter model hand forms. These measure-

been worked 1into each pattern element without
broadenming the working surface of the glove
unduly with material.
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ments were converted tothree-dimensions by
application of the skill of a recognized pro-
£ 1 1p It wes a d that wath




available anthropometric data and a sculp-
tor’s artistry, forms for glove design could
be developed which would result in a great
improvement in handwear fit,

It was aintended that three basic sizes
(small, medium and large) would be utilized
for bare-hand fit and the basic measurements
cor -ected for the relared shape. To provide
the space for an insulating material for
environmental protection, an increase in all
dimensions of the large size master hand was
made. This was accomplished by the addition
of approximately 3/32"" to the imtial dimen-
sions of the large hand to accommodate the
thickness of the standard wool glove insert.
Additional forms were made wath increased
dimensions in the wrist area for casendon-
nming and doffing. The dimensions for the
wrist circumference were established by
measuring the hand garth of personnel withan
each range group at the knuckles with the
fingers converging and the thumb displaced

recently been developed by the QM Corps
which will contour a leather glove to a
predetermined degree of curve (Figure 4) so
that such handwear can be developed to con-
form to the hand’s true shape. Thus, maxi-
mum efficiency can be obtained from any
insulation material used by eliminating com-
pression points,

PROTECTION AND HANDWEAR
DESIGN

We have alrcady discussed changes in
hand dimensions and the approach being
followed for sizang handwear to allow the
man to accompiish his assigned tasks, How-
ever, the problem of incorporating insulation
in handwear for cold weather operations
without decrement to a soldier’s ability to
perform remains as a difficult goal to be
achieved through a balanced handwear sys-
tem, One of the plest ways to

to I» as close to the palm as p bl

In order to evaluate the design of the
forms, a quantity of vinyl gloves was fabri-
cated, and a fatting and sizing study was con-
ducted using 285 test subjects flo}. This
study consisted of trial fittings of the test
gloves worn wath and without the standard
ool glove inserts. Twenty-one anthropo-
metric hand dimensions were obtained. In-
formation on abikhity to don and doff tae glove
was obtamned on 102 of the subjects. The
following information was recorded: anthro-
pometric measurements, fit of the glove over
the base hand, fit of the glove over the wool
insert, and easc of donming and doffing each
combination.

The fitting phase indicated that a high
percentage ofthe male milatary populationcan
be expected to be properly fitted wath the
four sizes provided, The high percentage
of ‘“good fits*’ and the comments of the test
subjects were indicative of a well designed
glove, A tanff for this glove based onthe
bare hand dimensions would be as follows
22% small, 57% medium, 16% large, and 5%
extra large. Since over half of the subjects
required a large glove when the wool insert
was worn, the size taniff histed above would
not be apphicable if wool inserts were worn,
In such a case the estimated tariff would be-
5% small, 35% medium, 51% large, and 9%
extra large,

Since the shape and fit of supported and
unsupported handwear made of vinyl or butyl
rmaterials 1s controlled by dipping forms, de-
velopment of anthropometrically derived ref-
erence hand forms provided a basis for
developing accurate master model dipping
forms, resulting 1n a logical way of stand-
ardizeng fit of this type of glove. This has
been successfully done, and some of the
principles developed 1n its accomplishment
are being extended tothe patterning of leather
gloves, In addition, 2 new mechamsm has
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envir tal protection 1s to place large
amounts of mnsulation over the entire hand.
However, with the increase in insulation the
efficiency of manual dexterity 1s reducedtoa

Thus, hniq for hand insula-
tion are required which mimimize losses of
dextersty. The best compromise between
environmental protection and dexterity has
been sought. Several approaches have been
followed to obtain the aesired compromise.
In making a fist 1t was belaved thot the inner
hand surfaces could be kept waim by heat
exchange between the distal ends of the
fingers and the mass of the hand, reducing
the area of the radiating surface.

Prel y Research Stud have been
conducted wherein greater insulation was
placed over the back of the hand, thumb, and
wrist in an cffort to extend the tolerance
time of man exposed to cold env. it
[9]. During 1956 the farst study was under-
taken to luate the 1 perf
associated with such differential insulation,
Tests indicated that when more insulation
was placed over the back of the haua rather
than on the palmar side, the relative per-
formance scores wsre sigmficantly higher
than those achieved with the standard Arctic

3 ve  Additi 3

P

have been conducted which 'ndicate that the
use of added insulation on the dorsal surface
of the hands a sigmficant red in
the rate of finger cooling under severe cool-
g conditions, Additional insulation, added
to the palm of the hand, however, did not
alter finger cooling characteristics,

A laboratory study was conducted during
1961 wherein three different levels of
dexterity requirements were studied through
the use of three different performance tests
(3). The results indicated (Figure 5) that
from the standpoint of manual performance,
the new handwear which was evaluated should
be given further consideration. Although the




new system was not dramatically superior
to the standard handwear in reducing the
impedient to manual performance, 1t could be
considered as equivalent. Thus, new features
of physical protection contained in the new
handwear did not create additional inter-
ference, Since the results of these tests
were highly satisfactory, handwear was de-
signed and fabricated which incorporated
most of the teatures of the previous test
handwear. In addition to placing insulation
over the back of hand, thumb, and fingers, it
was also placed over the front wrist section
{Figure 6). Thus, it could be assumed that
only the working surfaces of the hand would
be unprotected with added insulation. For
handwarming, the hand could be formed into
a fast thus praimarily exposing the parthaving
the most insulation. In cold-dry areas, a
handwarmer would be worn over the glove
for rewarming and during gross manipulatory
tasks, The same principle of redistributing
the insulation was followed in the mitten
handwarmer as in the glove. These items
have been laboratory (3] and field tested.
Also, 1t was concluded that manual dexterity
\{v“l greater when this handwear was worn
12].

areas of the hana. The optimum piacement
and optimum amounts must yet be established
in oxrder to exploit this pranciple.

Calibration of the sectionalized hand cal-
srimeter to simulate the temperatures ofthe
human hand must yet be established 1in order
to predict the efficiency of various types of
handwear designs {7]. The approach being
followed calls for tne collection of cooling
data from a large number of test subjects
for bare hand and various gloved conditions
when d to defined envar tal tem-
peraturas. The hand coolingdata willbeused
to set up the han’ lorimeter so that at
may be used to conr gloves under condi-
tions closely samul those obtained from
human subjects. 1 data wall provide a
basis for the vahida! asing the caloraimeter
in testing gloves, ana will provide input data
for better programmung of the device.
Through such research we hope to give the
soldizr handwear that has optimum protection
and dexteraty characteristics.
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Figure 1. Hand Length Changes (Appr: i from d rs!
data rather than anthrop ric measur ).

Figure 2, Hand Width Changes (Appr from designers'
data rather than anthrop ric measur ).
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CRIMPING_MECHANISM
TOP_GATHERING

Figire 4, Machine Action Indicating Crimping Mechanism [op Gathering
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D LIMB SENSITIVITY TO TRIPWIRES bv Gino R. De Togm and Paul S Strauss, Picatinny

Arsenal, Dover, New Jersey

The use of tripwires to activate military
or hunting devites 1s widely known, In re-
cent years, more and more of the anfi-
perconnel mines and small flarzs developed
at Ficatinny Arsenai have incorporated this
type of remote imitiation feature Naturally,
questions huve risen regarding the detect-
ability, optimal placement and general use-
fulness of the tripw.ce techmque In an
effort to provide guidelines for tripwire em-
ployment and desizr, a modest series of
human factors studi*s on wire barriers was
programmed,

Previous work by Peters and Drumm [1}
has ind*cated that visvual detection of trip-
wires 15 ratner poor, and depends primar.ly
on heaght of wire from ground in rslation to
ava.lable concealment or bieading rather than
upon length of vare, Oncethe wareistnipped,
however, activation of the mire, flare, or
trap depends upon tae force applied to the
wire and transferred to the control mech-
amsm. In order to optimize the setting of
the control me-~hamsm, a force must be
chosen that 1s high enough to prevent acci-
dental activation by natural objects {branches,
small amimals, wnd, etc,) yet low enough
tu prevent {he intended victim fromdetecting
the wire before activation,

Although the extensive work done in the
field of human le_omotion |cf. 2] and human
force application [ cf. 3] provides usefuldata
for many areas such as clothing and control
design, wvirtually no parameters could be
found for the estaolisnment of tripwire acti-
vation forces for items such as land mines
and f1eld emplaced flares It was decided to
explore 2xperimentally the range of forces
to be expected when unsesn wire barriers
are struck by cautiously approaching subjects
(Ss} who realize the wire barriers may be
present.

In order to limat the possible measure-
ments to those most useful :n the military
situation, oniy aeights corresponding toupper
and lower jeg and arm heights during walk-
ing and crawling atlitudes were used. Since
the running, unsuspecting 6¢ carcless eremv
would have little chance oftactualiy detecting
the wire before applying considerable force,
these odes were not considered for this
pre’imemary experiment.

PROCEDURE

An azparatus was constructed (Figure 1} to
facil'tate manipulation of \he study variabies,
A Lteer ware, ,0475 11 diameter, was
domly

Puli gage, SCaiea IXOm v IO 1> iD, 1N 1/4-10
imncrements

Each of 4 male Ss was clothed in cover-
alls, blindfolded, and instructed to stop his
movement toward the wire immediately upon
detecting a wire burrier. Eachreceivedfour
series of trials in randomized order, a slow
walk series (1.5 ft,/sec.), a fast walk series
{3 ft./sec.}, a slow hands and knees crawl
series (1.5 ft./sec.}, and a fast hards and
knees crawl series (3 ft./sec.). Only the 4
and 8 in, heights were used for the crawhng
trials,

S’s starting distance from the wire was
randomly varied between 2, 4, 6, and 81t, for
each trial in order to reduce expec.ancy cues,
Before each tiial, the wire was setto 2 1b
then reduced to 0 on the scale, so that it was
Just taut

RESULTS AND DISCUSSION

Scaie readings, reflecting lateral pull on
the gage spring due to ware displacement,
were converted to actual force applied to the
wire using the formula F'—‘[(S 2MD) (L)] /
[(D+M) (L-D)], where Erforce exerted by
the subject on the wire, S=actual scale read-
ing, M=linear movement of scale pomnter in
., D=distance from noint of force to scale
in an., L=length of wire between fixed points.*

As a rapid means of securing many
bet'veen and within variable coinparisons, a
complete ser.es of t tests was performed,
using the Engineering Sciences Laboratory's
IBM 709 computer and sutable programs.
Table 1 presents the mean detection force
and 1its standard deviation for Ss under each
approach condition A series of i tests
reveal that all dufferences between condition
means (pool:ng Ss} are sigmificant beyond
the 01 level As expected, faster approach
speeds cause significantly greater forces.
The significant differences between crawling
(arm) and walking (leg) forces may be ac-
counted for bv the arm’s faster reactiontime
and,‘or a difference in sensitivity.

Table 2 lists the mean force and is
standard deviation for each wire height under
each approach condition over Ss. A series
cf t tests for thas data reveal that there are
significant  differences between the mean
forces produced at the mghest and lowest
heights for the slow walk condition only. -Dur-
ing this approach condition, the force applied
by the leg becomes progressively greater as
tne ware 1s lowered. Theseforcedifferences
.nay be understood in terms of the balliatic

stretcied across Jhe large frame *tr2
alternating heighis of 4, 8, 18,and241n, One
end of the wire was fixed te the frame, ard
the other attached to a i5-1b, Chatillonpush-

type r ts of the lower leg during
wzliing in contrast .othe controlied extension

*LAL-D)=2, as &l F 15 assuaed % be o the mudpomnt ot L.
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TABLE 1

MEAN DETECTION FORCES AND SDs FOR Ss UNDER APPROACH CONDITIONS

S Leg* Arm**
Slow Walk Fast Walk Siow Crawl Fast Crawl
M sp M sp M sb M 5D
1 6.04 2,03 10,62 1.46 403 063 10,27 %05
I 359 1.59 8.59 2.26 2.83 1.43 6,17 1.74
uI 4.04 1,50 812 2 65 4.18 182 5.97 1.80
v 4.92 2,52 7.60 2.20 185 0.98 4.52 1,56
Mean Total 4.65 2.12 8.64 2.36 3.22 1,57 6.73 2.96

* 16 trials for each S on leg conditions,
*#% 8 tria.s for each S on arm conditions

TABLE 2

MEAN DETECTION FORCES AND SDs FOR HEIGHTS UNDER APPROACH CONDITIONS

Height Leg Arm
(in.} Slow walk Fast Walk Slow Crawl Fast Crawl
M sp M sD M so M sp
24 323% 0.94 8.79 196
18 3.74 1.58 7.69 2,15
8 5.56 1.97 9.34 2.93 3.06 1.42 7.24 3.36
4 609 2.37 8.77 2,20 .39 1.74 6 23 252
249 + 18 3.48 1.29 8 24 2.10
84+ 4 5.83 2.16 9.06 2.57 3.23 1.54 6.74 2.92

* ¥orces arean lb,

of the upper leg Thatas, 1t would be more
dffirnit {0 stop or control lower leg move-
ments than it would upper leg movements
when the barrier 1s detected. At faster
aporoach speeds, both upper and lower leg
tend toward more ballistic type movement
which wiuld be reflected by the similanties
in the forces they exert uponthe ware, Under
the fa.* walk condition, the differenceinforce
betwe~n hignest and .owest heights (0,02 1b,)
1s not sigmficant,

Since buth upper ardlower armare moved
1 a umform, controlled manner during crawl-
ing, one wouid expectto find small diffecences

between upper nd lower arm forces. In
this case, the mean differences are lessthan
.35 1b, and 1.01 1b and are not statistically
sigmficant

The technique of varying Ss starting dis-
tances to minimize Cxpectancy Cues was suc-
cessful, sance there are no significant mear
differences between d.stances within cond.-
tions

CONCLUSIONS

The limated nature of this studv precluaes
extensive generalization, However, the znean
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force measurements obtained seem fairly
stable within the variability expected by
chance factors associaled with S's length of
stride and starting distance, It is felt that
the forces presented maybe used for the de-
velopment of approximations cf detection
threshold forces. For slowand/or controlled
type limb movements, the fo<ces are sure
pris ngly low, However, faster and more
ballistic type limb movements produce cone
siderably larger forces,

In the placement of tripwires, the data
suggest that heights should be Limited to 12
. to take advantage of the greater forces
produced by the lower leg during slow walking
approaches. Final determination of activa-
tion force must still remarn dependent upon
the expected field use of the device ats:lf,

The data presented seem tohave implica-
tions for the problem of preventing or mam-
mizing accidental activation of controls in
confined working areas, as well, Peripheral
controls are more subject to accidental,
ballzstic type movements and may require
appror t1ate shielding or higher activating

force requirements than those central to the
work area, Obtaining force measurements by
metnodology sumilar to that usedinthis study
might bc apracticalapproachtothis problem.

Further work 1n this area, inciuding more
controlled study of the effects of site of
stimulation, ¢lothing, and type of movement
appears promising.
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E SURVEY OF THE EFFECTS OF LOAD-CARRYING AND EQUIPMENT DESIGN UPON
TASKS PERFORMED BY THE COMBAT INFANTRYMAN by Dr. Martin A, Tolcott and
Mi. Mornis Kolnicker, Dunlap and Assoclates, Inc., Stamford, Connecticut

1. Introduction
This study developed out of a conviction
that information about the effects of equip-
ment design and loaa-carrying devices upon
the performance of the combat infantryman
was scattered and incomplete. It was felt
that a survey ard summary of the work that
has been done in this field would serve two
useful purposes First, such a study would
provide an organized summary of informa-
tion from a variety of sources which would
be of imnterest and value to designers, evalu-
ators, and users of hand-held infantry equip-
ment. And, second, a reviewofthe hiterature
and other information sources would permt
an 1dentification of gaps in this field of
knowledge, and thus form a basis for the
planning of research aimed at filling the gaps
and expanding the data base upon which future
design decisions could rest

The focal pomnt of the investigation was
the combat foot soldier and the manner in
which his performance was affected by the
Jdesign of hand-held equipment, the design
of man-portable crew-served equipment, and
load-carrymg techniques and devices.
Although obwviously related, factors such as
the design of clothing and the effects of
weather and terrain, were not of central
interest here They were covered only in-
sofar as they were included as variables in
the studies which vere examined, or to the
extent that certain ‘ypes of clothing, as for
example, the battle jerkin, could be con-
sidered as essentially aload-carrying device,
Furthermore, the performance measures
of central interest in the survey were those
characierizing tasks performed by soldiers
under conditions of actual combat, studies
utilizing physiological measures such as
pulse rate, body temperature and electromyo-
graph readings were covered only toa himated
extent in this survey

Source materials of various types were
drawn upon They varied markedly 1in their
quality when evaluated as pieces of expari-
mental research, However, the intent of the
survey was to identify informnation of any
tvpe bearing on the central question, to
o1y "wze 2t systematically, and to :dentfy
prorusing leads for future research There-
fore, although reports of laboratory experi-
ments were drawn upon to the extent that
they were relevant and available, othertypes
of tources were also used, Inapproximately
decieasing order of scientifaic validity, these
othe: sources included

e Field test and evaluation reports

e Reports of training exercises under

1ated b d
ed
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e Army staff studies and conference
reports

© Opmions of combat officers and field
personnel

® Reported observations of other cultural
groups

Maiscellaneous published artic! s

In all over 34l literature sources were given
at seast a preliminary screemng These
were drawn primariuy from various Army
lLibraries throughout the Umted States. On
the basis of availability, relevancy, andtime,
62 items were selected for intensive study.
As each study was reviewed, an attempt was
made to determine

e Major hand-held or man-ported equip-
ment unit or load-carrymngdeviceused
(e.g., M1rifle, hand grenade, rucksack,
ete.)
Task or activity the soldier or subject
performed while using, wearing, or
carrying the equipment umt
Weight of the equipment
Mode of carriage (1 e., how it washeld
or carried, or to what part of the body
1t was affixed)
Conditions under which the study was
perfermed (1.e., the laboratory or field,
weather, mode of hiking, terrain)
Measures used to assess the perform-
ance (1 e., task performance, physio-
logical measures, time, or other meas-
ures, time, or other measure of
capabilaty)
Results (particulariy design imphica-
tions)

In addition to surveying existing litera-
ture, ficld traps were made tc Army establish-
ments 1n the United States to gather add:-
tional data, and inquiry and correspondence
directed to many orgamizations and individ-
uals to determine on-going research con-
cerned wath load-carrying and equipment
design not indicated in the existing literature
or available from discussions with other
malitary personnel, The resuitsofthe survey
were then summarized in handbook form,
orgamized by type of equipment, In the final
report, conclusions are presented in the
following areas. loads and load-carrying
devices, equipment design, performance
measures, and areas for future researcn,
Some of the major results are presented
here.

II. Load-carrying

Many recommendations have been made
concerming the maximum load that a soldier




should carry into combat Typical recom-
mendaticns are shown in Figure 1, and con-
trasted wih some loads presently being
carried,

Except where indicated, the figures shown
relate to ‘‘combat’’ loads, which include only
existence 1tems (basic clothing and equip-
ment) and battle atems (weapons and ammuni-
tion:!. In the case identified as march con-
ditions, the load would include so-called
comfort items (extra clothing, etc.) awhich
would normally be dropped by the soldier
before enterang combat In no case does
the figure include clothing worn by the soldier,

In the two cases identified as ‘‘snow
conditions,”” the men were pulling loaded
sleds with a gross weight of about 145 pounds,

It will be noted that the recommended
maximum loads range from 28 to 55 pounds,
depend:ng on the tactical condstions {combat
or marching), the terrain, and the type of
soldier. As an order of magnitude recom-
mendation, 40 pounds may be specified asthe
maxirmnum combat load for a rifleman, 45
pounds as the bat load for a
non-rifleman, and about 55 pounds as the
maxamum marching load, under reasonably
normatl conditions.

Some typical loads presently bemng car-
ried by infantry soldiers {shown on the two
tars to the extreme right of Figure 1) are.
€2 pounds for a rifle squad leader, and 77
pounds for an M$0 machine gunner. The
latter two figures are taken from the report
of the U,S, Army Infantry School Rifle Squad
and Platoon Evaluation Program, conducted
i 1961,

It should be noted that, on the whole, the
recommended maximum 1oads are bascd on
observational reports or on physiological
measures. There 15 a serious lack of data
based on controlled experiments in whachthe
load-carrying situation is varied and stand-
ard measures of task performance are ob-
tained, Furthermore, no studies were found
in which measures had been obtained of tasks
performed after load-carrying (which 1s a
frequent requirement imposed on the foot
soldier); studies of tis type mght show
significant performance degradation with
loads even hghter than those specified as
‘““able to be carried.”

However, in view of the relatively close
clustering of the recommended values, and
the excessive loads actually being carried,
1t 15 suggested that prior research 2ttention
be g.ven to developing techniques for reduc-
ing the loads being carried, rather than to
obtaining more precise estimates of maxi-
mum load-carrying capability.

HL lL.ad-carrying Techniques and Devices

A review of studies dealing with load.
carrying techmques leads to the following
conclusions:

e Carriage low on the back appears
preferable to high pack carrage for
most purposes, and for any loads above
46 pounds.

e Thigh carry s undesirable. Fifteen
pounds carried in mid-thigh pockets
{7-1/2 pounds per thigh) were found to
produce energy expenditure equivalent
to that caused by carrying 45 poundson
the back,

e The weight of the load should be dis-
tributed over a wide area, the weight of
a load on the back should be least
partially balanced by a load on the
front, and load-carrying devices should
be designed so that local strain ais
1 ted oy ir ing load weight
to the ground through tcne,

e Size and shape of 1oads have not been
systematically studied.

® Results of studies of a wide variety of
specific load-carrying devices indicate
several advantages in the Bell ““Hip
Pack,”’ the T53-8 Experimental Pack,
and the jerkin concept. However, the
specific design features associated
with these advantages cannot beadenti-
fied from the reports.

e Technmques for load reduction which
should be explored include: use cf
light-weight materials, special packs
for special missions, use of multi-
purpose equipment, traimng for survi-
val with mimmum equipment, and re-
vamping of supply and logistics tech-
niques to meet infantry requirements,

e There are reports in the hiterature of
African porters carrying loads up to
150 pounds (and in some cases upto
250 pounds). Although these reports
are of questionable reliab:lity, they
suggest that more careful anthro-
pological study maght lead Lo the de-
velopment of traiming methods c~tothe
use of novel iechniques to enavle sol-
diers to carry thear loads wathgreater
ease and comfort.

1V, Design of Eaui%ment (otrer than load-
carrymg evices

e The rifle has been more extensively
studied than any other equipment.

e Studies of marksmanship with the Ml
rifle indicate that*
® Performance 1s amproved by.

e Loop sling (as compared with
other slings}

o Use of shing during training

e Performance in unaffected by:

e Rufle weight from 9.8-14.25
pounds {when fired from the
prone position)

e Use of personalized stocks or
preferred comb configurations




e Upper limit recommended for recoal
1s 19.3 foot-pounds.
The Mb67 recoilless rifle {(which weighs
44 pounds, including one round of am-
munition) hinders mobility of the rifle
crew,
Indigenous personnel of Southeast Asia
prefer the M2 carbine, whichis shorter
and lLighter than the M1 rifle,
Soldier maneuverability as a function
of rifle size and weight has not been
studied (except for the M67 recoilless
rifle), nor have the effects of prior
load-carrying upon marksmanship.
Equipment evaluation of the T201
mortar reveaied many designdeficien-
cies, several of which would presum-
ably hinder set-up and maintenance, as
well as operation. These deficiencies
are noted 1n the report to focus design
attention on an area requiring signifi-
cant improvement, namely, design of
equipment for ease of set-up and man-
tenance.
The relationship between human en-
gineering design features and per-
formance for other types of infantry
equipment has not been stud:ies to any
appreciable extent
Design requirements of indigenous
personnel have not yet been de-
termined, nor have the requirements
of U.S. troops for guermla warfare
in jungle terrains, However, studies
1n this area are now inprogress.

Performance Measures

Physiological measures, although fre-
quently used and relatively precise,
have not been systematically cor-
related with cther behavioral meas-
ures, and are usually insensitive to
subtle design variables. They are
useful, however, in determinmng meta-
bolic cost of load-carrying and other
physical actavities.

Gross bodily activities related to mo-
bility and maneuverabihity are com-
monly rated by observers inevaluating
loads and load-carrying divices. Ob-
server ratings of these activaties could

portance 1n evaluating crew-served
equipment, and should be used more
extensively. Task-equipment analysis
can help identify critical tasks, and
motion study can aid in obtaimng
precise measures

Humnan engineering evaloation ofhand-
held infantry equipment is severely
Limited by the lack of basic design
data for use as criteria There are
ro checklists or design guides com-
parable to those now ava:l .le for
more complex clectronic systems, The
systematic coliection oi performance
data on which tc base such = guide, 1s
a major requirement.

VI. Research Problems

Fruitful areas for research are '--ted
beiow, i1n approximate order of importance:

Devel t of load-red
nques, through

tech-

o Continued efforts to develop light-
weight materials

Exploration of the concept of
loads for special missions’’
Exploration of the use of indigenous
burden carriers, ammals and
wheeled vehicles

Exploration of new techmques of
supply and logistics

Research aimed at designing pack-
carried items for easier load-carrying
as well as for meeting performance
requarements

Trade-off studies comparing cost and
effectiveness of special-purpose vs,
multi-purpose equipment for special
combat missions,

Collection of basic anthropometric,
behavioral and cultural data on in-
digenous personnel, on which to base
design or selection of weapons, tools
and other equpment furnished to them
by the U.S.

Methodologxcal studiestodevelop more
esduring

T e

be made more rehable if p
of experimental design were {ollowed
m freld tests,

e rnimary tasks (e.g., weapons firing)
have been measured for the most part
i evaluating rifle design, However,
with highly trained subjects, eventhese
mzasures are not likely tobe sensitave
to minor design variations unless the
tasks are made more realistically dif-

lated b as

P
Analyses aimed at determiming re-
lationships among several types oi
activaty e {c.g., phy
measures, observer ratings, perform-
ance, etc.), and between these meas-
ures and other more fundamental crite-
ria of infantry performance cffective-
ness,
Systemahc

study of load-carrying

ficult by combining them with
vering activities and load-carrying.
Secondary tasks (e.g , set-up, calibra-
tion, maintenance) assume mz)or im-
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yed 1n other cultures,
to determine the extent to whick load-
carrying might be facilitated through
training or the use of noveltechniques,




Summary

In summary, a review of literature was
undertaken to identify, orgamize and sum-
marize the results of studies concerned with
the relationships between the design of in-
fantry equipment and the combat performance
of the “vot-soldier, It was found that studies
of thic type were scattered, and that the
available data are inadequate to provide a
solid basis for developing a design gmde for
man-carried equipment.

It 1s recommended that standardized per-
formance tasks be more widely used as a
basis for evaluating design features of in-
fantry equipment, The U.S. Army Infantry
Human Research Unit has recently :identafied
a set of critical tasks and sxills of the
infantryman, and although these were de-
veloped primarily for training purposes,
they might well serve as a basis for studymng
equipment design features It is also rec-
ommended that these measures of task per-

formance be obtained more frequently under
si.uulated field cond-tions, such as after
marching and maneuvering with loads. Such
measures would help determine the realistic
limats of infantryman performance, not only
as a function of equipment design, but also
as a function of load carried. A related
requirement 1s the development of improved
methods for scoring performance inthe field,
such as that developed by the Human Re-
search Umit at Fort Benning.

Finally, 1t 1s recommended that a2 pro-
cedure be established whereby the vax vus
Army groups performing research an this
area would furnish summarized resuits,
ancluding general design implications, to a
central group charged with maintaiming, up-
dating, and periodically publishing this in-
formation. Eventually, 1t might be possible
to § h equipment designers with a set of
Human Engineering Design Specafications for
Infantry Equipment, as an integral part of
their design objectaves,
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A THE RHESUS MONKEY IN HEARING LOSS RESEARCHbyJohnJ Romba US Army Human
Engineering Lavoratories, Aberdeen Proviug Ground, Maryland

Several years ago, the Human Engineering
Laboratories began a program of hearing loss
research in monkeys. The immediate prob-
lem we encountered at the time was the
avsence of an established methed whereby
hearing loss and recovery could be measured
1n the monkey. A number of earhier investa-
gators, Elder in 1934, Wendt inthe same year,
Harris 1in 1942, and Sexden more thanadecade
later, had reported reliable auditory acuty
thresholds in various sub-human primates.
A characteristic common to all the previous
methods used was the length of time involved
in the measurement of athreshold—this often
took several hours, Normally, the greatest
recovery occurs during the first few minutes
following exposure Since our interest 1S in
hearing loss, a rapid means of threshold
rweasurement is mndispensable  Anancrease
in speed will yield a greater number of
threshold deter: tions and, qt tly,

accomphish the same with a loudspeaker,
continual head restraint with respectto posi-
tion and direction of stamulus source must be
used.

The lever press 1s a commonly used indi-
cator response .n behavioral studies Al-
though the lever press can be emitted occa-
sionally by an amimal purely on an incidental
basis, probability of spontaneous occurrence
15 relatively low. Though the time aken to
establish 2 lever press response :s substan-
tially longer than 1s required for the occur-
rence of a runmng, jumping, or eyeblink re-
sponse, it can be conditioned toappear onand
only on cue. Once the lever press s firmly
established as a conditioned response, trials,
as inthe audiometrictest, canbe programmed
with speed and, furthermore, greater rehi-
ab.lity 1s expected.

An ammal’s jump or lever-press re-
which serve as 1cators to the

a more reliable trend estimation of hearing
recovery 1s possible duringthis early critical
period. A method which satisfies the critenia
of testing speed and reliability must further
be examined for use with amimals which may
e in a state of nervous tensionor excitement
Available evidence suggests that ammalsare
under some emotional stress during noise
exposure, and we should like to insure that
they will perform well while m this state.

The purpose of this paper 1s to report on
the development of a workableapproachtothe
study of hearing 1oss in morkeys,

First, I wall discuss such factors as mode
of tone delivery, type of indicator response,
reinforcing agent, and sequence of trial events
as they pertain to a rapid and reliable method
of sudiometric testing, then wall be g.vena
description of the Human Engineering Labo-
ratories’ method, and this wall be followed by
an experimental test and evaluation of the
method.

Factors Involved in an Audiometric Method

The use of earphones for tone deliveryto
monkeys has been a long-standing problem
because ot their head shape, smallhead size,
and aggressive temperament, For this reason,
the prevalent method of presentingthetonein
montey audiometry made use of a free ficld
S..aui0n with 2 loudspeaker as sound source.
Flder iound that earghones could be used wath
chimpanzees with no restraint to the ammal,

While the 1mtial dafficulty infinding a way
of securing earphones around the monkey’s
ears 1s not to beunderemphasized, inthe long
run the advantages over the loudspeaker
metnod are realized by features of flexability
and accuracy. Earphones permit excellent
control of inter-trial stimulation of the same
magmtude of stimulus intensity. In order to
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experimenter that tone stimuliare perceived,
1s learned and strengthened with appropriate
reinforcing agents. Electric shock1s effec-
tive 1n a variety of circumstances and may
eas.ly be administered invarying intensities.
Food usually evokes a more cooperative atti-
tude 1n subjects, but maintaiming 2 high moti-
vational state for good performance 1s dif-
ficult.

The sequence of events found inthe audio-
metric test frequently begins with a ‘‘ready””
signal and terminates with the subject’s re-
sponse The ‘‘ready’’ signal, usually visual but
occasionally auditorv, has the function of pre-
paring the subject to listen for a tone, which,
if given, appears soon afterward. A long
imterval between a ‘‘ready’’signal and a tone
tends to reduce the usefulness of the signalas
an attention-drawing cue. The eight- or 16-
second interval used by Wendt seems un-
necessarily long, especially if consideration
1 given to obtaining quick thresholds A
constant interval between the onset of the
““ready’’ signal and tone requires ihe use of
frequent checks on the subjects honesty so
that the ammal does not learn tomake a time
discrimination, A check for a proper re-
sponse can be made by eliminating the tone
completely from an occasional trial. A re-
sponse, indicating that a tone was heard,
then would be pumished under the circum-
stances of the tone-off trial condition.

The test tone, another event in the se-
quence, usually lasts for a few seconds, dur-
mng which time an ammal 1is to make an
appropriate resp If the resp does
not occur, shock 1s administered or food 1s
withheld, depending on the type of remnforcer
used. During the audiometric test, assuming
the completion of sufficient and appropriate
training, the absence of response should mean
that the presented tone was below the subject’s




threshold, In thiscase, the response would be
considered appropriate and foliowed by a
reward

The Human Laboratories’
Method

Engineering

D .ring laboratory testing, sound resistant
rooms are used, The control room, where
the experimenter conducts the audiometric
training ana testing, 1s situated in another
part of the building The training andtcsting
schedules are programmed by a series of
relays and timing circuits. Data recording
1s manual,

The audiometer was made by our En-
gineering Laboratory It consists of an
audio oscillator capable of producing anyone
of nine predetermined sine wave freq 1es,

signal an the form of a sudden reduction of
waibient light intensr'v, (2) an intervaiof 5
second before the tone comes on, and (3} a
four-sccond tone presentation, A tone-off
trial consists of the same ready signal and a
“‘blank’’ intervalof 4,5seconds, Thereduction
of the light intensity persists for theduration
of all trials, Trials are termanated when a
response 1s made.

Prior to audiometric testing, a failure by
an animal to respond to tone 15 punishedby a
muderate shock at the end of the trial If 1t
makes a conditioned response withinthe Jur-
second tone interval, shock 1s avoided. The
animal 15 also trained not tomake i response
solely to laght, 1 e, during the condition of a
tone-off trial nor during .he .5 second pre-
ceding the onset of tone in a tone-on trial.
Respunses to lignt are punished with shock.

a balanced amplifier controlled by an elec-
tromc switch, and a decade attenuator, The
tome 15 admmstered through headphones,
This arrangement provided good stability and
eliminated aundible transients in the head-
phone when switching on and off at low signal
levels During a five-day test of avdiometer
stability, the attenuation level did not deviate
more than one decibel, Inordertoflatten the
frequency response of the Beyer dynamic
headset used, a {requency compensating net-
work was incorporated into the audiometer

The audio helmet device, shown .nFigure
1, served to reduce the test area noise level
at the ear primarily through the operation of
bwlt-in liquid-filled ear cushions and also
functioned 1n part as an earphone holder, In
order to assure a good fit, the inner surface
of each audio helmet 1s “oamed in place to a
plaster cast made of each animal’s head.

Animals are imihally conditioned to re-
spond to a 2,000 cycle per second tone and
refrain from respording during blank trials
i a test chamber with a2 lever and a loud-
speaker, Training is thenextendedtoallnine
frequencies and continued 1n a restraining
chair, with the tone being delivered through
earphones. After the completion of this tramn-
g, ,.riodic audiometric testing s begunand
pre-exposure normative data 1s gathered
The animals are usually ready for use as sub-
Jects after about two months of this traimng
and testing,

For testing, an amimal 1s placed into a
contoured seat, as shown in Figure 2, and
restrained about the waist and neck Move-~
ment <l .ts hands and arms 1s permitted
* y to neck level by means of wrist cuffs and
cora so that the helmet and earphones can-
not ne reached. The chair 1s adjusted so

An equal number of tone-on and tone-off
trials are randomly presented. Performance
withort error for three consecutive days is
followed by audiogram testing.

During the audiometric test, no shocks
are administered for failure to press the
lever. It 1s presumed in this case that the
tone given 1s below the amimal’s threshold.
Otherwise the same conditions and conse-
quence:z prevail as duringtraining. As checks
for indiscriminate responding, tone-offtrials
are giver only occasionally during audio-
metric testing  To keep the animal on the
alert, it is shocked two or three times for
non-responses to subliminal tones.

In summary then, let us consider a trial
in detail The experimenter deprusses a
buttcn on a control box (marked Ain Figure
3), which automatically activates the entire
trial sequence through the programming
equipment shown inthe background, except for
the tone, which 1s independently controlled.
in the event a tone is scheduled for s particu-
lar (vial, another button on the audiometer
(marked B in Figure 3) 1s manually depressed
by the éxperimenter 1/2 second after the
trial’s start, and released either four seconds
later or after aconditioned response 1s made
The occurrence of a response 1s indicated by
a light (marxed C in Figure 3) on a control
panel, The data 1s recorded manually.

The trials are carried out in the manner
of the Method of Limits, For any particula-
frequency, the trial sequence .s first begun
with an audible tone ond reaucea by steps o
five decibels until the amimal fanc to r.-
spond. The next sequeace 15 given 11 the
ascending order, starting with a tone whicn
1s rot heard, until the level 1s reached where
a tone 1s heard, Two such trial seris, one
d

that the amimal can assume a fortable
posation, The audio helmet 18 placed on the
amimal’s head and electrode leads are at-
tached 10 1its legs.

Essentially two types of trials are usad
in threshold determanation—tone-onand tone-
off. A tone-on consists of. (1)avisual ready

[ d and one zscending, are g ven and
averaged for a threskold estimation. In a
study just completed, comparison between a
two-determination and ten-determunation
estimate of threshold indicates that the
thresholds obtained are approximately equal,
It appears thatthe variationp wathin sessionsis




very small. Therefore, 1t matters little if
th= threshold estirrate s obtained fromtwoor
ten threshold determinations The use ofthe
short method for obtaining thresholds givesus
the desired speed without sacrificing rel-
abilatv

An_Zxparimental Test of Method

The adequacy of this laboratory's method
was tested with anoisc-exposed animal which
was a healthy, young, adult, female Rhesus
monkey with no previous history of experi-
mental noise exposure The ammalwas given
one noise impulse of a few m:lliseconds’
duration and anintensity of approximately 165
decibels. The noise treatment was givenanthe
driver’s position of an M48 tark chassis on
which a T95 turret withanXM81, 152 mm gun
was mounted,

The animal receivedthree days of adapta-
t.on tramng prior to exposure, On the first
day, 1t was put into the driver’s position of
the tank, Ten shots from a cap pistol noise-
maker were givento supposedly provide addi-
tional stress on tne aaimal in this novel
situation, An audiogram was taken soon
afterward in the laboratory. On the next
day, it was agz.~ put into the vehicle, where
tvo audiograms were taken after an adapta-
tion period ol te~ minutes. On the last day
of adaptation, the amimal was put into the
vehicle once for two minutes and another
time for 30 minutes and tested in the labora-
tory after each period,

Laboratorv audiegrams following each
period of adaptation showed no abnormal
trreshold change. Audiograms taken inside
the vehicie indicated that the variabihty ap-
peared to be within normal limits, However,
an apparent upward threshold shift was
noted  Apparently, the audio helmet did not
fully compensate for the ambient noise inthe
vemicle Time did not permat the collection
of normative threshold data wu the vehicle
environment,

The complete audiometric test, whichin-
cluded the frecuencies of 125, 25C, ~00, 2000,
40uv, 6000, §0C0, and 12,000 cycles per sec-
ond, was taken in ten daily sessions prior to
noise exposure Post-exposure audiograms
were taken 0.17, 05, 2 5, 8, 2%, 72, and 120
heurs from exposure time (See Figures 4,
5, & b}

1ne cxperimental ammal did not seem to
ot e ccrally aroused by the noisetreatment,
w~o diiucuities were encountered during the
nearing tests which followed the shot The
tume taken to obtain a post-exposure audio-
gram tor all nine frequencies was about five
mar utes,

Tae zero baseline, shown for the various
curves, 1n Figures 4, 5, and 6, representsthe
ammal’s pre-exposure mean hearingthresh-
old from which changes in aud.t~rv acuaty
were measured, The shaded area ow the
baseimne encompassed all but .5 percent of
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the values normally expected from one test
audiogram to another Once these pre-
exposure cuafidence limits were set, the
post-blast audiometric values which fell out-
side this confidence interval were considered
hearing loss

The single impulse exposure seemed te
have little or no effect for the lowest fre-
quencies, but a shift in acuity for the middle
frequencies was demonstrated. Generally,
a slight hearing loss for the highfrequencies
was oblained Recovery was complete within
120 hours,

The rmethod was found to meet the re-
quirements of testing speed and reliabilaty of
measurement for delermining both pre-
exposure normai've thresholds as well as
hearing loss and supsequent recovery thresh-
olds, The four and cne-half to five munutes
needed to take an audiogram of nine fre-
quencies by the short method described
approximates the time needed for human
audiometric recording.

Problems of Hearing Loss Research

The tasks set forth for the present fiscal
year with Rhesus monkeys will include the
establishment of some of the quantitative
relationships between auditory acuity shifts
and noise parameters such as sound pres-
sure level in the range of 145t0 170 decibels,
number of eaposure rounds from 1 to 10,
and rates of fire of 1 per minute and 2 per
second. We wall also continue to study the
procedural, environmental, and orgamsmic
factors which contribute to variability n
tone detection during the audiometric test—
the acuity measuring tool may thereby be
improved,

Probabiy the most efficient approach
which we can take for the study of hearing
loss 1s through the analysis of individual
behavior. An examnation wili be made of
individual long-term trends ir stablethresn-
old states alternating with transitory thresh-
old states under repeated identical experi-
mental conditions The knowledge of the
stability of effects for identical conditions 1s
a necessary vaeans of interpreting the findings
of future noise exposure studies,

A factor which loomed importantly inour
decision to primarily study individual ammals
was tnat of individual differences in suscephi-
bility to mmjury In view of this differential
susceptibility, an experimental designwiilbe
tried in which the subjects are equated n
terms of the dependent vamable, hearingloss
The patterns of hearing behavior could thus
be studied for various levels of susceptibility,
That such an approach could bring forthatest
for the detection of indivadual susceptibility
to hearing mjury stimulates the imagination,

The later direction of our worh must be
predicated largely on the results of experi-
ments which will be accomplished during the
current fiscal year,
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B. AN EXPERIMENTAL STUDY OF AURAL DETECTION OF RADAR SIGNALS* by Robert T.
McCay and Jack Wm Dunlag, Dunlap and Associates, Inc., Stamford, Connecticut

Tne wurk hereindesciived was converned
with determunation of the appropriate dwell
tame 1in doppler, ground surveiilance radars
for detecting personneland vehaculartargets
Fig.re 1 shows schematically some of the
caaracteristics of an entirely hypothetical
radar of this type. This equipmentiscapable
of searching automatically intwo dimensions
range and azimuth. The primary display 1s
the audio signal resulting fromthe movements
of any objects within the gate, The gateas
bounded by the edges of the beam and by a
pair of arbitrary time constants correspond-
ang to the bounce-back times from the near
and far edges of the gate. Nothing outside
this gate 1s heard.

In search, the gate 1s “strobed, Yor moved
in range, by systematically changing these
time constants, Azimuth changes in search
are usually accomplished by traversing the
antenna, Dwell time 1s the length oftime that
a given prece of real estateis withinthe gate,

In an operational context, therc are
pressures both for increasing and for de-
creasing dwell time  The pressure for de-
creasing follows directly from the nccessity
.f{ searching an area of resporsxbxlxty as
rapidly as p { d the
search parameters of the hypothencal radar
shown in Figure 1 we can see that it will
require 100 tames the dwell time to move the
gate the sntire depth of the sector of interest
from point A to point B. Itwill require eight
such excursions to cover the entire sector
without overlap. If dwell time for this hypo-
thetical system were one-half second, it would
take over six minutes to cover the areaof in-
terest. If things start to break on the battle-
f1eld, six minutes could be alongtimeto leave
a portion of the area of responsibility un-
searched. Thus, a great deal of interest has
been aroused over the prospect of increasing
strobe rate and, hence, decreasingdwelltime,

The second pressuce comes into play at
this point, however, As long as the operator
must use audible radar returns as his primary
source of informatior, we are limited by the
sensing or detecting capabilities of the oper-
ator in how short dwell taime may become.
This 1s because aural returns must be proc-
essed nn a real-time basis by the operator
and cannut be stored for him, as 1s possible
on a PP scope. The question of how long
dwell t:me must be i1n order to maintain
operator performance is the focus of the
researct being reported here,

This work was dene in three phases:
field work, stimulus tape preparat.on, and
lator:tory experimantation. Figure 2 shows
2 schematic of the field work phase. Thas

}

*Based upon Work Done for U S. Amsy Signal Research ond
Devdopml Laobezatory Fort Morsaouth, New Jersey Con-

tract No DA 36-039 SC-78921.
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work was done at Fort Monmouth, New Jersey,
Recordings were made of the returns froman
AN/TPS-25 radar. Separate noise and signal
tapes werc made and the stimulus tapes
synthesized in ovder to be able to exert more
cqntrol over the experimental conditions than
would have been possible with ““live’’ record-
ings. The noise used was generated by an
area of trees stirred by abreeze of five knots
or less, The personnel and vehicular signals
were take 1n an open field which aad been
selected for its low background noise level,
Although many different signals were re-
corded, only one personnel target signal and
one vehicular target signal were used in
the subsequent study.

Figure 3 shows a schematic of the
stimulus tape preparation. The field re-
corded tapes were distilled via a process
of selective re-recording and editing. At
the same time, :dentzficationtones were added
on the second channel of the two signaltapes
Although the orginal recordings and the
ultimate stimulus tapes all played at 7-1/2
inches per second, the re-recording and
program splicing was done at 15 inches per
second for two rcasons: first to help mamn-
tain fidehity and, second, to ease the str~=s
of rel:ably sphcing short bits of tape. After
the program splicing, noise was added,
thereby completing the construction of the
stimulus tapes

Figure 4 illustrates the orgamzahon of

the exper The
ma!enal was pr to five subjects
ly over head Thedenta-

fication tones triggered one channel of a s1x-
channel chart recorder, establishingthe time
and type of signal, Subject responses were
attempted dentifications of the targets. These
were regastered via pushbuttons on a small
box in front of the subject. An ““Unknown"’
Yy Was per d. Thus, a resp
implied a detection, while acorrect response
also implied an identification. These subject
were r d on the

hve channeis of the chart recorder, thereby
providing a permanent record of the entire
experimental session,

Figure 5 shows a tabulationofthe experi-
mental conditions investigated, Elevendwell
tames, or signal durations, wereused. These
ranged from four seconds down to about four

d Two ls were used: one
walkmg man and one Jeep moving at 2 rate
of about 20 miles per hour. These signals
were d in faive daiff levels of
background noise. In the very low-level
noise condition, the total signal power ex-
ceeded the total noise power by approxamately
10 db, 1his situation was reversed for the
very high noise condition. The other three
conditions were intermediate,




Empirical probabihties of detection and
1dentafication were calculated from the tabu-
lated resporses. Figure 6 shows detection
performance with the vehicular target. The
ordinate of both graphs 1s probability of
detection expressed in percentage. The
abscissa of the left graph 1s signal duration,
wh le that of the right graphis signal level
relative to noise level, The same data are
represented an both graphs, and the abscissa
of one 1s snown as farametric lines on the
other. The lines drawn at 50, 75 aud 27
percent correspond to several arbitrary
criteria which were applied to the data.
Since detection 1s basically abinary proposi-
tion, any performance level below 50 percent
was considered to be clearly unsatisfactory.
Performance above the 75 percent level was
considered to be acceptable and that above
90 percent, desirable.

We can see that tor vehicular targets,
detection performance on the two shortest
durations was clearly unsatisfactory regard-
less of noise level, All durationslongerthan
one-eighth second, or 125 msec,, showed
desirable performance under allnoise condi-
tions used The ntermediate durations
showed desirable or acceptable performance
under some of the noise conditions,

Figure 7 presentsidentification perform-
ance found for vehicular targets under the
experimental conditions. It can be seenthat,
while 1dentification performance 15 quite
similar to detection performance, there 1is
more sloughing off at the intermediate dura-
tions, Only signals of one-half second or
longer showed consistently desirable per-
formance across all of the tested noise
conditions. The one-e:ghth second {125 msec.)
duration dc tently acceptable per-

noise level, although this fell short of the 75
percent craterson of acceptalilaity. Underthe
most favorable noise condition tested, desir-
able performance was fouud forthe 125 msec,
duration, but detections fell off sharply for
thas duration at higher noise levels.

Figure 9 shows identification perform-
ance found for the personnel target. These
data are so samilar to the related detection
data that almost all of the same comments
apply. The conclusion which one must make
from data 1s that it 13 extremely
hazardous, from a performance sta .apoint,
to reduce dwell time below one-half second
1f personnel targets are of interest and if
the signal characteristics of X-band radar
sets are to remain the same. Considering
the probable operational application of ground
surveillance radar equipments, it is almost
certain that the personneltarget s of interest
and 1s very likely to remain so,

Two complete sets of data were collected
for the very low noise condition with two dif-
ferent groups of subjects Figure 10 shows
detectzion performance in the left graph and
identification performance in the right grap!
for these two 1nd d groups of subjects
The correspondence between these two sets
of dzta 1s very pleasantly close. In fact,
performance of the two groups correlated
.998, For the group which experienced the
whole range of experzmental conditions, first-
half performance yielded coefficients of .981
for detections and .974 for identifications.
These correlations indicate a remarkable
stability in the task and performance
measures

Individual differences were found, as one

LI

formance across all noise levels. 1t is
probable that the range of noise levels in the
present study 1s representative of the major-
ity of wand and weather conditions, excluding
precapitation, which would be encountered 1n
the field, These data suggestthat,fattention
can be restricted to vehrcular targets, then
dwell times as short as 125 msec. are per-
missible from the standpoint of operator
performance. This was the shortest signal
duration 1n this study which showed both
consistently dessrable detectionperformance
and consistently acceptable identification
performance.

Going on nowto performance with person-
n.lto.gets, we see n Figure Sthatat is quite
a diffecent proposation. Here we showdetec-
tion performance with one walking manasthe
target. It 1s obvious that ro-se levelas much
more critical than with z ve™iwcular target.
With the two raghest noise levels used, we
fourd only unsatisfactory performance, as
defu ed by our criterion of 50 percent detec-
tions. The half-second, or 500 msecc.,
duration was the shortest which showed at
least reasonable performance at the medium
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might expect, but no pronounced subject
t tions with either target type or noise
level. Fagure il shows four graphs of indi-

vidual subject performance. The abscissaof
all graphs 1s noise level, The ordinates of
the two left graphs are frequency of detection,
while those of the two right graphs are
frequency of identafication. The two upper
graphs are concerned with performance re-
lated to vemcular targets and the two lower
graphs, with performance related to per-
sonnel targets,

It was characterist.c of the experimental
apparatus that all responses were recorded,
whether or not they correlated with a signal
pr Those resp which did not
correlate with signal occurrences were tal-
lied separately as false alarms These
have been excluded from all data piescnted
to this point. Tables 1 and describe the
false alarm performance under the various
experimental conditions. It will be noted
that the total number of false alarms was
66, These occurred in 50 subject hours of

imulated radar 1 g. This 1s a rate of
1.32 false a'arms per subject hour, which
does not appear to be unreasonable or exces
sive, There 15 quite an evident cxperience




factor operating here as shown by the right
margnal totals in the upper table, One-thard
of the false alarms occurred on the first
experimental day, and over half occurred in
the first two days.

From the lower table, we see evadence of
pronounced individual differences. Two of
the s bjects, each accounted for one-third or
more of the false alarms, Itisof interest that
these subjects were also two of the best
performers on detections and:dentifications.
We had, of course, tested all subjects for
normal hearing A comparison of the audio-
grams of these two subjects with those of the
others did not show any sigmficant differ-
ences. There 1s no ready explanation for the
apparently higher response rate of these two
subjects,

Table 1

FALSE ALARMS
by Experiment Day and Noise Level

eighth second are probably qu.te acceptable
for vehicular targets. Let us explore the
practical implications of these conclusions.
The operational problera which started all
this was the question of how to amprove the
efficzency of automatic search with ground
surveillance radars using a doppler-based
aural display for detection, There are a
variety of possibilities, some including
changes in dwell time and some not, others
wmnvolving operational strategy alone, some
involving equipment modifications alone and
various combinations involving all of tnese,

One possibihity 1s to generally ignore
personnel targets while in automatic search,
thus allowing a shorter dwell time for faster
general coverage. Fersonnel targets might
be picked up accidentally., However, manual
search would usually be conducted of areas
where the detection of personnel targets was
important, A direct reversal of this solution
would be to maintain dwell time at a level
where there 1s 2 reasonable probability of
detecting personnel targets and restricting

gned areas of responsibility to those

Exp Low Noise Hagh
Day 410 45 9 .5 - 10 Total
1 7 i5 22
2 5 7 12
3 2/0 2
4 4 1 5
5 3 1 4
6 0 [ 6
7 0 1 1
8 2/2 4
9 1 3 4
10 4 2 6

Total 14 10 6 12 24 66

Table 2

FALSE ALARMS
by Subject and Noise Level

Low Noise High
Subject 410 15 1] -5 -1¢ Total
1 2 1 0 0 2 5
2 2 5 4 3 8 22
3 0 0 1 2 2 5
4 3 1] ] 0 2 5
5 7 4 1 7 10 29
Tota 34 10 6 12,24 66

lthough it is almost completely hidden

vy the experience factor, there aleo appears
to be a trend toward more false alarms with
the higher noise levels. This would be pre-
dicted by most models of signal detection.
In review, then, the evidence gained by

which can be searched wathinanoperationally
determined optimum time per:od, This prob-
ably implies that more equpment would be
needed than 1s currently thought necessary,
since these areas of optimum search time
may not correspond well with maximum
ranges and umt responsibility tectors.

Another possibility 1s that circuitry
changes can be made 1in the audio port\on of
the ts which will enh the detect.
ab:hty of the persorneltarget, Thisapproach
1s being followed in a continuation of the work
reported here. The current approach 1s a
linear frequency add:t:cn to the asral signal
intended to bring the signal frequenciesfrom
X-band sets into closer alignment wath the
more sensitive portions of the human ear,
Other approaches, suchas selective filtration
are 2lso possible and should be explored.

A substarntial portion of most areas o!

t may be expected to be sh

from the radar and could not be a source of
detectable targets. If these areas could be
sensed and the searchpatternprogrammedto
skip over them, a considerable saving in
search taime would be realized inmost opera-
tional si s, This, h » implies a
great deal of equipment sophistication, if it
were to be done automatically, and perhaps
an inordinate amount of time if the shadows
had to be surveyed manually and thensctinto
the equipment,

Most, if not all, ground survexllance
radars are icles at
significantly greater ranges than personnel.
If a slow strobe and hence longer dwell time
were used within the maximum range for

this exper leads usto lude that
dwell time should not be decreased below one-
half second for the detection of personnel
targets, but dwell tames as short as one-

1, and a faster strobe were auto-
mahcally swatched in beyond that point, then
a saving in search time should be realized
without decreasingthe probability of detecting
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personnel, Waith this ability to change dwell
time 1in the equipment, it maght also be
desirable to allow a choice to be made by
the operator to correspend wath the specific
tactical mission,

Dwell time can alsobe changed by varying
the gate saze as well as by varying strobe
rate In order to mamtamn a long dwell
tame and still increase search speed, alarge
gate, or even the entire range could be dis-
played for search, and then a smaller gate

swatched 1n for target locationanddentifica-
tion. To some exten:, thisisalready possible
in sets with a choice of beam widths, but a
choice of gate depths should also be possible
and might be quite beneficial,

In conclusion, then, let me say that there
certainly are improvements which can be
made in search speed. But care must be
taken to assure that making these improve-
ments does not lessen the probability of de-
tection or identification of important targets.
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//Search Area:
Beam Width - 8

Gate Size.
Beam Width x 1/100
Sector Depth

Radar

Figure 1. Hypothetical Ground Surveillance Radar Search Pattern

——

Noise Tape

Radar Tape

Recorder Personnel Signal

Vehicular Signal

Figurc 2. Schematic of the Field Work
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Dwell Time Noise Level
{msec ) Target Type Qualitative Approx. S/N (db})
4000 Personnel Very low +10
2000 Vehicular Low + 5
1000 Medium 0

500 High -5
250 Very high -10
125
62.5
3i.3
15.6
7.8
3.9

Figure 5, Experimental Condations
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Figure 7, Probability of Identification of Vehicular Targets
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C NOISE AND WEAPON SYSTEMSby Ray Donley, U3 Army Human Engineering Laboratories,

Aberdeen Proving Ground, Maryland

Noise control in weapon systems for the
modern Army 15 admattedly a difficult prob-
iem However, this problem can be solved.
The conflict between light-weight equpment
with .ts greater radiated power from panels
ard irom engines, and the tools of noise
curtrol has, 1n the past, created vexry serious
problems In the fature these problems will
become worse However, effective noise
control may be performed on the systems af
one 1s willing to look at each weapon system
individually, Indeed. complex noise control
problems, such as areencounterzdir massile
weapon svstems, zre best handled vat: re-
spect to the entire wezpon system. Noise
control 1s basically @ system problem,
whether working with a complex problem
or an elementary problem.

Briefly, a system, in noise control 1s
divided nto three parts the source,the
path, ard the receiver. Some of the more
common sources may be rotating components
such as gears, bearirgs, fan blades or 2
scries of repeated impact noises, such as
the sprocket engaging the track in driving
track-laywng vehicles,

The path 1s the medium by which the
sound energy is transferred from the noise
source to the receiver Sound may betrans-
matted through air, through structures such
as building walls or machinery supports, or
through a combination of the two, In general
most paths are a combination of str .ctural
votne and sirborne ncise, each having com-
pletely different transmission characteris-
tfics,

The recerwver 1s either man or a piece
of equiprrent. Man’s reastions to noise are
generally statistical concepts which vary
esther wath hus task or with s psychological
or physiological characteristics at a given
time,

Another point which 1s important 1s that
noise control 1s not nccessarily synonymous
with noise reduction. I 1s qute true that

most noise control problems do require
soms sort of noise reduction, However, some
noise control problems are solved by chang-
ing the shape of the noise spectrum. Many
annovance problems are solved by spectrum
changes.

Occasionally, one needs o add
An example of this 1s in telephone
which the fans have been made
cu.ificiently noisy to mask the noise from
sutside the booth and to the speech from
nearby phonc booths.

The u.timate goal of noise controlas to
achieve a specific environment at the '‘lowest
total ettectave cost’’. ‘ihe phrase “‘lowsst
total eirfe.*1ve cost’’ includes the direct cost
of noise control and the indirect costs of
operational restrictions and systera limata-
tions, Indirect costs in 2 military system
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wmclude any cost which resuits from achange
in the desired use of the systery, restrictions
on operating time, additior of men or equip-
ment, or dverse comrnunity reaction. Op-
erational restrictions are the most insidious
contributors to the total effective cost. An
operational rastriction to protect perscancl
from deafness may require moxc men This
means a change in the Table of Organization
and Equipment <nd more vehicles, In addi-
tion, this means the men must be fed, clothed
and housed. The additional vehicles require
fuel and ma:ntenance. The cost of addingone
or more men to a mobile weapon systemas
frequently more expensa than the direct
cost of conventional no.se control.

The specific noise ervironments required
in a gaven mihitary situat:on are

1; frcedom fron.perraanent hearngloss
freedom frormtemporary hearingloss
freedom from annoyance
freedom from specch interference
freedom from :dentification
freedom from detection
freedom from adverse ccmmunity
reaction
Generally, the most imperative requirement
i any military sitwation 1is freedom from
permanent hearing loss. Since the noise
levels permatted for safety «re above the
levels which create annoyance or speech
interference, noise levelstopreciude hearing
damage are the easiest to achieve.

Gf course, one must look inte the possibie
restrictions on how one may achieve a mib-
tary environment of the proper character-
sstics. From the requirements established
before the system 1s designed, we may obtain
the military charactenistics. The MC’s spec-
ify the tactical use, the trziming use, nd the
Iimats on size, weaght and bulk. These himta-
tions are frequently ind:rect but may be in-
ferred by size himitations or weight limita-
tions imposed for air transportability. The
malitary characteristics also give a imitation
on procedures. This, again, 18 3 somewhat
indarect limitation, 1t 1s gernerally not speci-
fied. Ho r, these limitati may be
1forred frz ~ the military characteristics
from a desired or maximum rcaction time.
Obviously, extending the countdown time or
time to emplace a weapcn 1s undesirable,

The possible methods of control must be
cheap, rebable, and simple. Noise conirol
methods also cannot be subject to variations
by temperatare, since we deal withtempera-
tures irom -65° to +125°, humadity, as we
deal with humidities from 0% 1n the desertto
100% in the jungle; vibration, sincethey must
be carried on track-laying equipment; blast,
since maay pieces of ejuipment are in the
direct blast of a rockst taking off, or me-
chenical abuse, including field modif:




Additionally, noise control x ethods may not
be unhygienic. This1s particularly amportant
in developing mouthpiece noise shields used
for protecting microphones from extr
noise  Within the Army, policy dictates that
each piece of equapment belongstothe partic-
ular system rather than to the individual.
This .neans that one may not consider methods
of no.se control which would create any health
problem. Noise controlproceduresalsomust
not be distasteful or ccmplicated. Anexample
of the symplicity required in noise control
methods was noted recently in a systemin
which, until adequate noise reduction could be
provided, tne soldiers were required towear
a typicel earmuff temporarily. The local
commander nad issued an order for the men
to wear bluclted fatigue caps. Blocked fatigus
caps are somewhat fragile and break when
the earmuff hezadband 1s placed over the cap,
The men, 1n an obvious effort to please both
the local commander and comply with the
requirement to wear carmuffs, deveioped a
somewhat novel solution, They placed the
headband of the earmuff behind their ears
without placing the ear inside the mutf
which completely nulhfied any favozable
attentuation characteristics gained by using
the ecarmufr So, with these particular
restrictions, what are the possible solutions?
First, we may change the source by ob-
taining different, quieter, equipment. Thisis
generally the most expensive method of noise
control. However, it1s alsothe most reliable.
The changes which may be considered are
rosiricted, too. Inmany cases, the equipment
designhas exceeded the so-callzd ““state of the
art’”” in ar attempt to obtain the

method which niay be used Thatisto elima-
nate the job, such is to buy some sort of
automatic control or perhaos to redacign the
squipment in such a way that the man 1s not
required to be near the noasze source. In
general, the best solution 35 a combination of
all three methods of noise control changes
to the sourcy, changes tothe path, and changes
to the recerver.

However, let us look at a specific set of
system procedures which may be used for
effectave norse controi. First, onemustana-
lyze the job of every man to yicid the p.oper
envir t for, tions require-
ments, the effects of annoyance on efficiency
for the job, and the expecied exposure pattern
with respect to time and sound pressure
level. Next, one must verify how the equip-
ment 18 to be used inreferencetoats location
with relation to other components and how
long the equipment can operate. The methods
for ottaining this information are frequently
indirect and must be deduced. An example
might be relztang fuel consumption rates wath
fuel tank si1ze. This effectively restricts the
operating time of a piece of equipment.
Another method 15 to check cable lengths,
There are only a humted number of ways in
which 23mpment may be placed if they must
be interconnected by 2 number of cables of a
given length, Another aspect of equipment
usage 18 1n 1ts tac*.cal asc—is 1dentif.cation
critical? We usually separate identification
from detection. Identification, £2r our pur-
poses, generally refers to the noise charac-
teristics which allow a specific prece of equip-
ment to be identified as that specific piece of

t bel

power output tor the minimum weight. The
methods by which thedesired characteristics
are obtained are generally to take an ander-
si1zed prece of equipment and hterally “‘hot
rod” it, This leaves little or nothing in the
way of characteristics which may be modified
1n the partictlar noasc source. Inmany cases
obtaining an alternate piece of equi tre-

q ging 1O a given weapon svs-
tem. Detection 1s still the simple problem of
how far away can we perceive that theve s
some sort of noise. Both ofthese considera-
tions are quate important. However, inmany
ts identafication astoa ifi P
more important of the two con-
Another thing which must te

& r

system 18 the
siderations.
hecked in

quires an excessive amount of time, Alter-
nate types of, say perhaps generation equip-
ment, mus: also be checked for their weight
and affect on the system. So, insummary, to
change the source we raay esther redesignthe
piece of equipment, obtain arew source of the
same general class of equipment, or change
the type of equipment,

Most modifications for noise control are
mediiications to the path, These changesare
«on and include inclo-
sures, panel damping, mufflers, vibration
isolation, and redirection of airflow,

To <btain the lowest total effective cost
1t m.y be wise to offer ear protection thus
hanging the r Another hod is to
use 2 change in schedules or the operating
time to which a m2n 1s eaposed to 2 given
noise source, Of course, there is another

g ent usage is wnat sort of
abuse to the equp can be expected. By
abuse we do not generally refer to it as what
can be considered as malicious damage.
Abuse to pieces of equipment can be simply
defined as to what happens when the equup-
ment 13 air-dropped, 1s there a deleterious
effect on the equipment from missile blast
during takeoff, 13 the equipment well-designed
such that there should be no field modifica-
tions, 1s the equipmenttobe carried ontrack-
laying vehicles, wiil it be subjectedtounasuai
vibration, 1s it a prece of equipment which wall
be opcrated in rain, snow, mud, or anyof the
many unusual environments to which mihitary
~quipment 1s normally exposed. The third
aspect of a system noise control procedure:s
to measure the noise of cach component. It
must be measured for prediction purposes,
obviously, and to locate those particular
problem areas which can exist in a given




system. It also must be mcasured for cor-
rective action, and in this particular respect
the more detailed the information the better
one’s chances of not being forced into mea-
suring the equipment noise agamn later. It
1s best tc measure noise levels by one-third
octave bands which allow :dentification of
specific problem areas. From these one-
th.rd octave bands we canecasily calculate the
octave bands in order to evaluate damage-
risk speech interference and anaoyance. if
the major source consists of many small
sources inclosed within a box, it 1s a good
idea to use constant sound pressure contours
to identaty the specific location of air leaks
and their particular frequency range The
fourth step 1n the systems analysis of anoise
problem 1s to examine the military charac-
teristics for lymitations on time, physical
limats, and proposed usage, then examane, for
the fifth part, the path change methods for
controlling noise with respect to how much
may be obtained practically atthelowest cost
with the least schedule anterference and wathin
the laimatations of the military characterastics
examined in part four. Scheduleinterference
18 a rather unussal problem. Unless the
probiem 1s particularly pressing, there 18 a
natural reluctance on the part of the manu-
facturer to redesign or change pieces Of
equipment which are scheduled for produc-
tior. This does not necessarily mean that
he 18 not .nterestecinnoise control, however,
he may have certain other objectivestoattain
before he can consider noise control prob-
lems Some of these are that hehas produc-
tion dates to meet. There 1s a time limat
which has been placed uponhim for producing
« given piece of equipment He also must
make the equipment work. It is qute casy
to forget that the manufacturers, too, have a
serious prodblem in making a piece of equip-
ment that not only works but which may be
worked by the man. The sixth stepis to com-
pare the reductions with a criterion for the
particular environment. The criterion for a
given environment 1s obtained from a con-
sideration of the previous five portions ofthe
system noise control evaluation, If thn man
has a stringent communication requirement,
tmis can be the haghesc allowable noise level,
If the man has a job inwhichannoyance could
affect his efficiency, then this wall establish
the upper hmite of the allowable noise of a
givea comeponent of the system. In this it s
prescr.cd farst that one can eliminate

to the receiver. As pointed out before, the
lowest total effective cost is thenachievedby
a series of trade-offs, of what ¢an bedone to
the system, what must be done tothe system,
and what 1s desirable for the system withthe
ultimate goal of achieving the proper environ-
ment for the man at the least total effective
cost.

To illustrate an application of the proce-
dures and principals which have been dis-
cussed, J am going to spend a few minutes
discussing the Pershmg Power £ ation
{Figure 1).

Normally this piece of equipment 1s
carried on the same track laying vehicle as
the programmer test stat.on. It supplies the
weapon system with electric power, con-
ditioned air, and high pressare air.

When the first umt arrived at Aberdeen
for road-test we conducted a noise analysis.
Results of the analysis showed that operating
personnel were subject to hearing damage.
As a result of this test and subsequent tests
by the contractor, several changes were
made to the Power station. These included
redesign of the air-conditioner, which was 2
major source of noise, redirecting the flow of
air by placing both the gas turbine and cooling
a1r inlets and outlets on top of the pack, in-
crsased insulation on the side panels to
further attenuate the sound beingtransmitted
through the panels and several other design
changes.

Figure 2 depicts the sound pressureicvel
at the position of the Power Stationoperator.
You wall note that prior to modification the
sound level at this position exceeded 90
decibel at all frequencies above 90 cycle per
scconds with a few pure tones going as high
as 128 deubels. The previously mentioned
modifications resulted inadramaticdecrease
in sound level at this operating position.
Figures 3 through 8 demonstrate how the
sound level was not only lowered but the
sound field was modified, The contour hines
are constant pressure lincs. The power
station mounted on a track laying vehicle 18
shown at upper center in zach {igure,

Figure 3 shows the sound field around the
unmodified power station in the 75 - 150
cycle per sccond frequency band. After
modification the sound field shified and

camage-s1sk. The final enwir t must be
selected by a function of “‘trade offs’”. In
many cases, one may work Yo some sort of
damage riterion and increase the efficiency
of 2 commumcation system sothatthe reduc-
tions are feasible and relatively :nexpensive,
not o-.y in time but in effort ind possess the
possibshity of working correctly, If the ex-
pected reductions are inadequate, one can
then also examine changes to the source or

hanged 1n ty for this frequency band as
shown mn Figure 4.

Earlier inthe discussion, knowledge of the
system was mentioned as being important

In the previous figure we had 106 and 107
DB in some areas where an operator had to
stand, now that noise level nolonger exists:n
those areas, however we now have 126 DB an
other areas but nobody has any reason to be




1in those areas. Therefore, the noise 1s of
lesser importance

Eigure 5 depicts the noise level an 2400 -
4800 cps frequency band before modification,
In tmas same frequency band, noise levels
have dropped off considerably following modi-
fication (Fagure 6).

Figure 7 depicts the noise level in the
1800 - 10,0C0 cps fre juency band before modi-
fication, Some of the noises on this figure
and on the previous figures wall cause hearing
loss, Here again the modifications reduced
the noise level considerably as shown in
figure 8.
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D. BASIC RESEARCH IN HEARING APPLIED TO FIELD PROBLEMS by Maj. John L.
Fletcher, MSC, U S. Army Medical Researca Laboratory, Fort Knox, Kentucky

Basic research in audition performed at

USAMRL includes research relating noise
exposure tohearing 1oss, studiestodetermine
the susceptibibty cf individuals to trauma
fron different types of acoustic exposvre,
paycho-physical studies, and investigations of
the ability of humans to detect varicus types
of signals fe prolonged periodscitime while
simultaneou. exposed to various physical
stimali, The latter type study 1s frequentiy
referred to as vaigalance research.
Facilities for the above research include
an hoic or echol h , several
sound treated rooms, and a mobile sound
laboratory built into a 26 ft, trailer. This
umt has its own 10 KW power source and 18
provided with both heating and cooling sys-
tems, It can be towed to a fieid location and
be used as a completely independent labora-
tory there. Present personnel include two
Ph, D, level researchers and three techm-
ci1an assistants, We also have partial use of
facilities and personnel ofthe Complex Proc-
esses Branch {one Ph, D, andtwotechmcians)
and, on contract, of the Psychology Depart-
ment, University of Louisville,

An immediate application of our research
relating noise exposure and hearing loss 1s
that of providing suggestions useful in the
estabhishment of hearing conservation pro-
grams. The Post Surgeon and Chief of Pre-
ventive Medicine, Fort Knox, have recently
imtiated such a program within the traimng
command 2t Fort Knox. Our contributionsto
the program willinclude consuitation regard-
ing the appropriate protective devices, help
in the indoctrination of personnel concerned
with the program, suggestions regarding the
conduct of the program, and the momtoring
of the hearing of those included in the pro-
gram. In conjunction with the above efforts
we have, from tame to time, been involved in
the testing of various ear protective devices
with respect to specific aspects of suitability
and usefulness,

Ansther basic physiclogical problem in-
vestigated by our laboratory has been taat of

through the middle ear by rotating the
ossicular chain out of its usual mode of
operation and essentially locking 1t in piace,
Normally, the AR, then, serves to protect us
trom loud sounds, However, the neural
latency, or lag time between stimulation and
muscle contraction is so long, at least 9
malli sec. -that some sounds are already
transmitted through the ear before the xe.
flex can respond. Gunfire, for examp.e, has
a rise time (time from O to peak SPL) of
tess than 500 micro sec, -or 1/2 of a milli
sec. So the reflex, for gunfire, only locks
the barn door after the norse is gone. But,
1f there was advance knowledge of when the
xmpulse sound was to occur we could ehieat
the reflex in gdvance of the sound and protect
the ear by its usual physiological protective
mechanism, So we tried stimulating people
with gunfire and seeiig how much reduction
of TTS the AR provided. This was done by
stamulating the reflex in advance of the gun-
fire and comparing TTS with that observed
when they were not so stimulated prior to
exposure, We found that it provided signifi-
cant protection (see Figure 1), Thenextstep
was to € 1t with jonal ear pro-
tective devices, We did so and found it did
quite well - as well as having the advantage
of being used only when necessary and not
needing fitting, not interfering with corrmu-
mcations, Or requiring supervision in wear-
ing (see Figure 2). We then went about de-
termining ways it could be improved, once
bliched its

having ful and feasi-
bility. Our research indicated the optimal

stimulus for eliciting AR action was a series
of clicks, Using clicks we found we could
prolong contraction so that some reflex pro-
tection could be observed for exposure to
continuous noise where formerly it could be
shown only for impulse noise,

Based on the rescarch cited above, a2
device was constructed, tested, ind s ven a
field evaluation to detcrmine suatability for
operational use. It was found to do in field
use as 1t had been observed toperformin the
1ab

the operational characteristics of a

reflex action. As yc. perhaps know, inside
the middie ear there 1s a series of small
bones, the malleus or mallet, incus or anvil
and stapes or stirrup, These bones together
tonst*.ie the ossicular chain, lheossicular
wnain 3vrves to connect the outside physical
stimulus world of sound with its physical
stimulh of sound waves to the inside ear,
thence to the brain, Air conducted sound 1s
faithfully tr tted by the les through
the muddle ear to the inner ear. Attached to
the ousicles are two muscles, the stapedius
and tensor tympani. When stimulated by 2
sufficiently loud sound these muscles contract
and act to reduce the transmission of sound
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y. Additionally, interposing the AR
devize into the combat vehicle system 1 no
way interfered with communications or with
gunnery. The reflex protective device de-
scribed above 1s now in the process of final
electromes deration and, hopefully, for
a complete CONARC field test,

As consultants, we have par*icipated in
the solution of many apphied problems. A
recent one was here at Fort Benning, A re-
quirement was made of the Weapons Depart-
ment, USAIS, for the development of a range
for the Guard and Reserve Components. The
prototype design was such that exposure of
those firing was in excess of that normally
incurred on conventional ranges. Attack on




the problem was diversified to include both
redesign of the range toquiet it and prescrip-
ticn of appropriate ear proteciuve devices for
those firing on the range. Table 1 presents
the results of the redesign and quieting ofthe
prototype range, Whenyon consider the costs
and difficulties associated with queting, ac-

lish t of this g de of reduction
at tne estimated $125 cost of this operation
was most reasonable.

Another mexger of basic research and
field needs 1s illustrated in one of our recent
studies. Basically, the purpose of the study
was to examinc various ways of testing the
efficiency of ear protective devices. During
the course of the experument a rather thor-
ough evaluation was made of the effectaveness
of three different ear protective devices, two
plugs and the CVC helmet. Efficiency of the
devices was tested not only for pure tcnes,
the usual standard, but also when used in
continuous noise, such as engine noise, and
when used against gunfire or impulse sound.
This was considered necessary because some
devices, helivets in particular, are known to
resonate anc to perform differently in high
itensity noise fields than at lower levels.
A reahistic test of such a device should in-
clude, then, one of performance in such a
sound field. Also, there 1s evidence suggest-
1ng that impuise noise (gunfire} attenuationis
not readily predictable from the results of
pure tone threshold evaluation. Results ofthe
investigation suggested that the pure tone
method of test was mimmally acceptable, but
that the additional information revealed by
tests in noise and gunfire plus the high face
validity of such tests for devices to be used
in such environments made the addational
testing hughly desirable. Another result of
the experiment was to show that any of the
three ear protective devices, when worn, re-
duced the temporary hearing losses of the
wearer to a reasonable level. One other

luable piece of i was ted
from this experiment. As part ofthe experi-
ment, subj were exposed, unp d b,
ear protective devices, to gunfire suffacient
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to induce a temporary hearing loss of a
moderate amount, They were later exposed
to noise sufficiently lcng to duphcate the
hearing loss incurred by exposure to the
gunfire, By comparing the relative amount
of noise exposure necessary to induce 2
temporary loss equal to that caused by the
gunfire, indications could be derived of the
relative susceptibility of an indavidual to
loss from impulse and from continuous
noise. These results showed that individuals
differ widely in suscepibihity to noise in-
duced hearing loss, with some quite sus-
ceptible te impulse noise and little effected
by continuous, and the reverse true of others
and some cqually susceptible to both types of
sound. These data have been of considerable
value in the formulation of criteria for haz-
ardous exposure to impulse and to steady
state noise.

Our expericnces have shown repeatedly
that the results of basic research are appli-
cable to field problems. They have also
indicated many times that the obvious time
and place for use of basic information is in
the design state of a weapons system or piece
of equipment, Money as well as invaluable
time 1s wasted when a system comes outthat
15 unacceptable because of alackof coordinz-~
tion and knowledge of basic facts. Reahizing
this, farsighted regulations were promulated
requiring human engineering coordination in
systems design, If these regulations couldbe
more carefully and knowledgably observed,
the task of assuring compliance of systems
to various human himitations would be much
easier.

In presenting this paper, 1 have hoped to
anform you of the personnel and faciliies
that our laboratory has, of our specific re-
search intergsts and capabilities, and, most
of all, of the way all of the above capabili
can be applied to the problems facing us in
field operations, If I have succeeded, per-
haps more of the problems facing us will
be brought in for attention and eventual
solution.

|
\

TS —————————
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E. STUDIES OF TEMPORARY THRESHOLD
TRANSIENTS* by Norman L.
Cambridge, Massachusetts

INTRODUCTION

The present
from. a prelimnar;
1

series of experiments follow
study described in BBN
Report No, 916, That study, now called
Experiment I, was concerned with the effect
of pulse repetition rate {pulses per second)
and the number of pulses upon thresholds for
pure tones in the frequency range of 2500 to
100U0 cps. Eack pulse had a triangular
acoustic waveform, with a rise time of 0.5
millisecond, duration 1 millisecond and peak
sound pressure level 168 db re 0002 micro-
bar. Pulse rates used were 1, 5, 10, 20, 40
and 80 pulses per d {(PPS), The b

of pulses were 5, 10, 20, 40 and 80.

That study allowed the followang tentatave
conclusions: (1) the frequency of maximum
1oss is in the region of 40005000 cps; (2) the
repetition rate most likely to produce tem-
porary threshold shift (TTS) was 1 PPS; and
(3) the TTS increased wath the number of
pulses.

One feature of the resuits was that even
though the hearing losses were for the most

rt small and unrehable, there was no
doubt that those moderately large lossesthat
did take place were **real’’ and not artifacts
of the hearing tests. It was supposedthat the
explanation for this might be that people have
‘thresholds’ for acoustic trauma similar to
absolute thresholds for heariag, and that
apart from day to day varniations in the ear
there 1s an “acoustic trauma threshold valze’
of x number of pulses for cach person {as-

i other r lant par ters such as
repetition rate, peak to peak level, risetame,
etc., are constant). If this were true the
variability inthe results of Experament Icould
be due to the characteristics of the particular
subjects involved as well as the particular
values of rise time, duration, repetitionrate,
number of pulses and peak to peak level that
were used.

The assumption of an acoustic trauma
threshold (ATT) for pulses also implies that
once this threshold is reached, TTS will show
the same function of number of pulses forall
normal ears, regardless of their particular
ATT values.** If this is so, then prolonged
and exrensive experimentation would be
cvorded by selecting subjects fromthe lowend
of the ATT continuum.

«The work Serein reported was performed under Contract DA
20-007 MD-985 with the Surgeon General’s office, U.S. Amy
5] this discussion the type of function of TTS above ATT
for any parameter had not been mentioned. It soay be con-
tnuous of @ step function {e.g, O & 1 X & TTS) for any
parameter.  This and other experimental potlems, such os
the reloton of ATT © other audibory thresholds, are coa-
sidered in experiments reported below.

SHI*T CAUSED BY HIGH
Carter and Karl D. Kryter,
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INTENSITY ACOUSTIC
Bolt Beranek and Newman Inc.

EXPERIMENT II

Cursory examnaticn of the data of Ex-
periment 1 suggested that an average of one
out of four normal hearing youngaduits could
be expected to show moderate hearing losses
(over 20 db) 30 seconds to two minutes after

P to 80 triangul tic ~ulses
(0.5 millisecond rise time, 1 millisecond
duration, 168 db peak to peak) at 2 repetition
rate of 1 PPS. Accordmglyitwasanhcxpated
that if such an exposure were given to 60
college students 15 of them would show losses
greater than 20 db. Cautiondictated, however,
that in the present context, where large
numbexs of subjects are involved and the
range of sensitivity to tis lus is un-
knowm, subjects should first be exposed to
40 pulses only, at lower peak to peak levels.
The number of pulses, and pessibly their
ievel, could then be increased for those sub-
jects showing no significant threshold shift,
unt1l a criterion (say, 10db TTS)was reached,

Apparatus and Procedure

The used in g g
acoustic 13 has been d ibed in detaal
in a previous report.z It consisted of an
arbitrary functiongenerator, or photoformer,
capable of generating any desired electrical
waveform (voltage by time), an amplifier for
amplifying and controlling the peak voltage
and a smail, Mgh intensity 1oudspeaker (KLH
6.5) mounted on a headband and held firmly
against the subject’s head during exposure.
The level of the acousiic pulse was measured
by placing the carphone onadummy head with
a microphore (Altec 21 BR 200} in the simu-
lated ear canal and leading the output of the
microphone to an oscilloscope {Dumont type
304 AR), The vertical axis of this scope was
previously calibrated using a BBN acoustic
calibrator (308-C-3). The rise time and
duration of the pulse were read off the scope
in a similar way, after calibrating the hori-
zontal axis with a 1000 cps sine wave. Photo-
graphs of the photoformer mask, electrical
output of the amphifier, and the acoustic pulse
as shown on the oscilloscopeare presentedin
Figure 1.

the

Hearing losses were measured by 2
bject-operated Bekesy di ter (Grason
Stadler type E-800). As inExperimentitests
were made before and after exposure, but 1t
was decided to drop the method of recording
hearing losses in terms of a single ‘loss
number,’ as was done for Experiment L in
favor of the usual method of db threshold
shift at each test frequency.




Test frequencies were 2000, 4000, 8000
and 500 cps, tested in that order for 30 sec-
onds each, before and after exposure. The
first frequency tested after the train of high
intensity pulses was 2000 cps, begun 30 sec-
onds post exposure, As s usual in this type
of pure tone threshold, audiometry threshold
at any frequency was the average of the mad-
ponis of the excursions over the time the
frequency was tested.

Forty-five normal hearing college stu.
dents (27 male, 16 female) were exposedtothe
acoustic tr 1n the seq and at
the levels indicated an Table 1. In some in-
stances the pure tone thresholds were tested
a second tame after exposure. This generally
indicated that the losses were'‘real’’and not
due to some artifact connected with the sub-
Ject’s perience with aud try.

Results

The results presented in Table 1 confirm
that there is a considerable range inthe sus-
ceptibalaity of young adult subjects to TTS
induced by this type of ‘impulse’ noise.
Large indivadual differences in susceptibility
to impulse noise can also be seen in Figure
2 where for the 45 subjects we have plotted
the distrib of thresholds foll ex-

gram took 70 seconds to complete. Post-
exposure audiograme were begun 30 seconds
and usually also 3 minutes after the last
pulse. Audiograms were also run 6, 12 and,
in many cases, 24 manutes post exposurs if
recovery was not plete and the schedul
allowed, Sixteen subjects were used. Four-
teen of these are shown with imtials and
asterisks in Table 1. Subject number 43 was
not available, but was replaced by 2 none
sensitave subject (E.S.}to increase (hopefully)
the variance inour sam}’e, One other sub-
ject (T.H.) was included because of hus ex-
perience of audiometry in other experiments
and because an imtial exposure gave signmfi-
cant TTS,

The exp tal procedure isted of
repeated exposures for each subject {oneday
between exposures) in a trial and error ap-
proach to a criterion maximum threshold
shift of between 30 and 40 db in the first
audicgram after exposure., Theusual method
was to guess at an exposure capable of mini-
mal significant TTS {1.¢. the ATT for number
of pulses) using, in all but two instances,*
a peak pulse level of 168 db. If the criterion
TTS was hed quickly, the ber of
pulses was dropped in the ratio of 3/4, 1/2
and 1/1 that number; otherwise the procedure
was to increase the number of pulses during

N

g
posure to impulse noise and the i buti
of p P ¢ threshold S vari-
ability among subjects with respect to their
susceptibilaity to auditory fatigue fromacous-
tic impulses wag found by Ward et al [4].

The second axm of this t was to

qr P es,

Results

The foregomng experimental procedure
Ited in £ hreshold

select subjects for later wark, Eighteen of
the 45 subjects of Table 1 show a greater
than 10 db loss at one or more

T O P Y
shift at 13 fr 30to 95 ds after
exposure, 180 to 245 seconds after, ctc, de-

foilowing 120 pulses {or less) of 162 2b peak
to peak (or lower). These subjects are
indicated by an asterisk, the inmtialled num-
bers are the subjects who proved available
for the later experiments.

EXPERIMENT 11

Experiment I indicated, as might be ex-
pected, that TTS i d as a funct of

T g on the freq Y ed and the
fost-exposure audiogram, In order to com-
pare our data with those reported by other
investigators it was decided to use recovery
curves previously d d from exp 3
to steady state noise to estamate the hearin,
loss two minutes after exposure, from the
first post.exposure zudicgram. The curves
used for this are given in Figure 3,

The extrapolated TTS2 values were
pl d for each subject as a fi ion of the

the number of pulses.
was i ded to get q
shape of this function.

The present study
ive data on the

Apparatus and Procedure

The apparatus for producing the stimuli
and determining pure tone thresholds was
idertical with that used in the Experiment If
condition., Rise time of the pulses was again

4 <

ber of pulses in the exposure, Separate
figures were prepared for test frequencies
2000 cps {see Figures 4, 6, 8) and the means
of TTS2 at 2200-2500 cps, 3000-3500, 4000-
4500 (see Figures 5, 7, 9), 5000-5500, 6000
7000, and 8000-9000 cps.

Data already given have shown that wide
indivadual differences exist in susceptibility
to impulse noise. Preliminary examination
of the present data indicates that this is true

0.5 mll y 1.0 milli; d, and
repetition rate 1 PPS, The audiometry was
also similar., Pre-exposure thresholds were
the mean of at least two audiograms giving
threshold as a continuous function of fre-
quency from 2000 to 10000 cps. Each audio-

*One subject (BK) objected 1o peck to peck levels above
162 db on the grounds that they bust. The other (W B.) poved
Taghly susceptible to the pulses. Pulse level was, therefore,
dropped in W B.s case 1o 156 db peak ¥ peak and the ex-
periment continued as with the other subjects.




even for the selected group of 16 subjects
used in the present study,

For this reason the results from the 16
experimental subjects were divaded intothree
groups. Results for the six most sensitive
subjects are plotted in Figures 4 and 5, the
three next most sensitive in Figures 6 and 7
and for the scven least sensitive in Figures
8and 7.

Clear association between number of
pulses and TTS2 at any frequency is present
i only the farst two of these groups, totailing
nine subjects, Datafromthe remaining seven
subyects {Figures 8 and 9} are notincludedin
the figures following Figure 9 because they
show no sigmficant hearing loss

The considerable degree of variation still
present within each group suggested further
classification of the two most sensitave
groups into four sub-groups. The most sensi-
tive sub-group now comprised subjects W.B.,
C.G., the second most sensitive subjects S.C,,
W.H., D.M. and W.R,; the third, subject H.P,;
and the fourth most sensitave sub-group, sub-
jects JH,, B.K, Mean TTS) at each of the
test frequencies were plotted for each of
these four sub-groups as a function of the
number of pulses, Examples of the test fre-
quencies of 2000 and mean of average and
4000 and 4500 cps are presented in Figures
10 and 1. The smoothed curves fitted
visually to these data are redrawninFigures
12-15 for each frequency and each sube
group. The curves are superimposed in
Figure 15 and average curves over all test
frequencies drawn for ecach sub-group of
subjects in Figure 16,

Di .

In setting up the experimental procedurs
and imtial plot of the data of Experiment II%
three assumptions were made. Firstat was
assumed that a series of impulse-typenoises

t

acts wvely in pr g P Y
threshold shift, i.e. that hearing loss canre-
sult from a series of otherwise harmiess
impulsive noises if they occur close enough
together 1in time. Second, it was assumed
that individual differences in the amount of
TTS2 following a series of acoustic pulses
were due to differences in the number of
pulses necessary to produce initialthreshold
shift. The number of pulses thought to be
necessary to produce temporary taresnold
shift pere:sting for two minutes after ex-
rcsare was called ““acoustic trauma thresh-
Z1d IATT) for number of pulses.’”’ The third
assumption was that the rate of increase of
TTS2 as the number of pulses is increased
1s the same for all ears once the critical
number of pulses known as “ATT for num-
ber of pilses’” was reached,

The fact that all of the smoothed curves
of Figures 12-16 are exponentiai in form
suggested that a family of curves ofthe same

general form could take account ofthe daver-
#+ty of the data and still provide & general
account of the relation between TTSy and
numbex of pulses,

Qur assumption that the function relating
number of pulses and TTS2 15 the same form
for all individuals can be t d while
stall keeping a good fit to the data by use of
the set of curves illustrated in Figure 17.

The plausibility of this as a general
hypothesis of the relation between number of
pulses and TTS2 was aided somewhat by the
fact that in extrapolating the uppermost« .rve
the line can be made to merge quite easily
with the 50 db level, commonly taken as the
point beyond which the hikelihood of perma-
nent damage 18 increased, At this level
also the rate of recovery of TTSy is re-
duced [5]. While the reasons for these
phenomena are obscure, thear occurrence
after ““TTS3”" of 50 db or more suggests
that this 1s the “‘threshold’’ of permanent
damage, which may have a different mech-
amsm to TTS, and produce a curve of daf-
ferent shape to the rather complete ap-
pearing pattern of curves suggested in Fig-
ure 17.

Comparison of Figures 15 and 16 shows
the general similarity of the curves withthose
in the hypothetical case of Figure 17. Such
curves are generally known as Gompertz
curves, the general equation of which has
the form
Y= thx

s.¢. the dependent variable is a double ex-
ponential function of X, and Vis a constant
wi ich gives the hypothetical or empirically
detarmaned upper Limit for Y. The equation
generates both the negatively accelerating
function shown by our most sensitive sub-
jects and an initially positively accelerating
function, depending upon whether or not the
constant g is more or less than 1/e. In both
cases g and h must be fractional and positive
to give the initially positively accelerated and
then ively lerated fi i sug-
gested in Faigure 17. Inthe present context
Y and X are the iables TTS2 and b.
of pulses respectively, V is the emparically
determined (or guessed) 50 db upper himat of
TTS;, g 1s the Y intercept, or amourtof TTSp
after a single pulse and & 13 the rate of
growth of TTS2 with number of pulses.
Tests of this hypothetical relation are
given in Figures 18 and 19, The data points
of Figure 18 are the average TTS) over all
test frequencies (2000-9000 cps) for desig-
nated groups of subjects as a function of
number of pulses. Figure 17 gives the same
information for average TTSy at 4000 and
4500 cps. X, is the point of inflection of the
smoothed curves, i.c. that value of X at
which the curve changes from a positively to




a negatively accelerated slope. It 1s hote-
worthy that this occurs in all cases at about
17.5 db TTS.

For three out of the four sub-groups
{seven of the minc subjects) the second ex-
ponent his vexy closc tothe same value (,982).
The same exponent for the fourth sub-group
averzges .950. The relatively smalldegree of
variation in this exponent, which represents
the rate of growth of TTS2 with number of
pulses, 1s regarded as justafying the original
assumption that the rate of growth of TTS2
with number of pulses was the same for all
ears regardless of their *‘acoustic trauma
threshold.””

Since the smallest number of pulses to
which the ear can be exposed is one, the con-
stant “‘g,”” or the pont of originofthe growth
function, 1s the proportion of 50db TTSp pro-
duced by a single pulse. It 1s interpreted
roughly as the extent to which the subject’s
ATT's have been overreached by the peak to
peak’ SPL’'s of the particular pulse used in
this experimernt, Inthissenseitisa measure
of individual differences in susceptibility.

Most of the difference between the
smoothed curves of Figures 18 and 19 canbe
attributed to variation in thas constant, sup-
porting the third assumption that the source of
indivadual differences is in the pont at which
TTSy first appears rather than the rate at
which 1t grows after the subject’s “‘acoustic
trauma threshold’’ is reached. It is impor-
tant to note, he , that the equati

ae o

Y- Vgh implies that if ‘‘g’’ equals zero
(there beang no loss after a single pulse)
TTS, will continue to equal zero no matter
how many pulses are presented. This impli-
cation is confirmed empirically in our data
by the faslure of seven of our sixteen sub-
jects to show significant TTS, after as many
as 200 successive pulses. Our second as-
sumption that ividual difference istin
part of the number of pulses necessary to
produce initial threshold shift should there-
fore be dropped in favor of specifying the
ATT in terms of parameters of the single
pulse necessary to produce an infnitely
small but sigmficant TTS2 and hence “'g.”
In practice this wall, of course, involve ex-
posing some subjects to more thanone pulse,
unless the methods of detecting TTS2 are
improved. .
The usefulness of these values of g as
a measare of individual susceptibility to this
type of pulse 18 lumited, since the particul
values d 1n this exp t obviously
apply &nly to this repetition rate and peak to
ak levels. In order to derive a scale of
susceptibility to thistype of pulse which would
be applicable to all people it would beneces-
sary to know the lowest levelat whicha pulse
of the type we are using was capable of pro-
ducing some TTS2, no matter how small, in
the least susceptible ears. The same ex-
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posure could conceavably produce the maxi-
mum (50 db) TTS2 i some ears, whose ‘g’
would then equal one, Presumably there
would be a distribution of TTS2 betweenthese

humats and hence a distribution of ‘g’ to be

entered in the equation TTSy= 50(g).982".
1f, for example, S showed a TTS, of 8db
following exposure to one pulse at this level,
then it could be calculated that his TTS2
“after 80 such pulses would be

20
TTS,= 50(.16)-7%2

- 50(.16)2333
- 32,6 ab.

Such a calculation procedure would still be
himited to triangular tical £

with a rise time of 0.5 millisecond, duration
1.0 :mllisecond, and a repetition rate of 1
PPS. It would also apply to only one peak to
pea);{pulse level,

s @& g atthe corr tobe
applied for alterations in peak to peak of the
pulse, rise time, and duration should be rela-
tively straightforward, and workis progress-
ing under U. S, Army sponsorship at our
laboratory and elsewhere on these questions,
Further confirmation of the 50 db ‘‘guessed’’
“‘gafe’’ upper limit for TTS) 1s also required.
Although we feelthat the hypothesis developed
above for growth of TTS as a function of the
number of exposures may have promise as a
general description of the growthof TTS from
acoustic impulses, it is put forth here as but
one possibility worthy of discussion,

In an exploratory study on TTSfromaim-
pulses, Ward et al {4] concluded that the
growth of TTS for most {requencies islinear
with time, or number of pulses when given
at a constant rate. We are not all sure that
the fittang of straight lines to our data to
indicate a hinear growth in TTS as a function
of number of pulses would not ultimately prove
to be the best p dure. The ty of
averaging data such as ours across alimited
number of subjects can easily result in
misleading, though suggestively interesting,
curvatures.

EXPERIMENT 1V

This exp t was designed to expl
the effect of peak to peak pulse level upon
TTSy. The di tric test p d was
the same as that used in the previous study.
The subjects were the nine most sensitive
subjects (W.B,, C.G., S.C., W.H,,D.M,, W.R,,
H.P., J.H, AND B,K.) of Experiment IIL

For this study we exposed the subjectsto
ampulses at peak to peak sound pressure
levels of 156 and 162 db, Comparable data
for a level of 168 db was available from the




results cf Experiment IIL Al other vari-
abies, including the number of puises and
the repetition rate, were held constant.

Results

Examples of the results of this pro-
cedrre are given in Figures 20 and 21, The
hearing losses, from farst audiogram begun
30 seconds after exposure, werc corrected
to 2 munutes post exposure by using the re-
covery curves of Figure 3.

Whle the data for each subject and test
frequency shows many inconsistencies, the
mean TTS, over all subjects and test fre-
quencies, as shownin Figure 22, appears to
be lanear, and to mncrease 3 dbwitheach 6 db
increase in peak to peak level.

EXPERIMENT V

The final experiment in this series was
undertaken because of the wide differences
obsexved bet jects in t of TTS2
following comparable exposurestotriangular
pulses, differences which appeared to be
greater than those commonly found following
exposure to steady state pure tones or octave
band noise. Because our subjects were
sslected on the basis of susceptibility to im-
pulse type noise,* this experiment was aimed
at finding the degree of correlation between
susceptibility to impulse noise and octave
band noise rather than at estimating the size
of the variance in TTSy due to the two types
of noise in the population at large.

The sixteen subjects used for Expexriment
Il were e wosel to 10 minutes of pre-
recorded ¢ e band noise in the frequency
range 1200-2400 cps. The noise was ob-
tamed from a GR noise generator andaltered
to a cutoff characteristic of 36 dbperoctave,
The overall sound pressure level ~f the ex-
posure in all cases was 110 db, as  <a.ared
in the ear canal on an artifics * head.

Audiometric procedure wasthz .o aeas
in Experiments III and IV, The first acho-
gram after exp ¢ began 30 ds pust.

Resuilts

Hearing loss . TTSp, at 2000 and 40C0
cps are given Table 2, Also given in
Table 2 are; <stimated average TTS2
at 2000 2nd 4000 .ps following exposure to
60 :mipulses at a level of 168 db (these esti-
rmates aye derived from the data in Figures
4.9), (b) the rank orders of theaverage T7S2
for the two noises, and (c) the rank order
for the ge of tne TTS values

corr

+However, becouse of the small degree of TTS observed in
o5t persons 4n our selection test (see Table 1), we atenc
certain that our *moderately” sensitive subjects & not
seally represent the average of the general populavon.

for 2000 and 4000 cps and for other test
frequencies.

These coefficients indicate no significant
positive correlation in these 16 subjects be-
tween susceptibility to the impulse type norse
and hcaring losses due to noise in the octave
band 1200-2400 cps. Although the pattern of
increasingly higher negatwve correlations
with test frequencies is perhaps interesting
the highest correlation at test freq i
8000-90C0 cps 1s negative and accounts for
only 25% of the variance.

The results of this experiment show a
striking difference between the ranges of
indavadual differences in susceptibility to
impulse and steady state noise, This 13
shown in Figure 23 where we sec that a
difference of about 20 db separated the
largest and smallest TTS following exposure
to steady state noise in contrast toarange of
about 55 db for impulse noise. Itis interest-
g to note that the range between the least
and most sensitave ear 1s about the same for
the pre-exposure thresholds (see Figure 2)
as 1t 1s following exposure to steady state
noise,

The most obvious, but as yet unproven
explanation for this greater variability is, of
course, that the auditory reflex relaxes at
different rates for different subjects or con-
versely, 1s not readily elicited in some
persons as in others. Although it is be-
lieved that the muscles involved in the auda-
tory reflex relax in the typical ear in a
matter of a few hundred malliseconds, our
data suggest that in the “‘tougher’’ ears per-
haps the muscles are at least partly con-
stricted after as long as one second, thereby

d some pr tion from ding
impulses given at the rate of 1 per second;
whereas in our ‘‘tender eared’” subjects the
muscles are completely relaxed in one sec-
ond. It is also possible, of course, that our
“tender eared’” subjects completelylackthis
reflex, We arep ing add 1studieson
this point.

Reliability of Audiogram

During the course of the experiments just
reported we accumulated a number of *‘pre-
P ** audiograms (the audiog given
-rior to exposure to noise) for 18 of cur sub-
_.cts. Hopefully, these audiograms should,
Tor each subject, be quite samilax; if so, the
rather small threshold shifts noted as the
result of exposure toimpulse and steady state
noise could be taken as significant.

The general rehability of the audiograms
obtained from our subjects is giveninFigure
24. The mean difference between the farst

d and ding pre-

P P g
exposure audiograms (given at least 1 day
apart) is -1.2 db, indicating perhaps some

slight improvement by these subjects in




Table 1. Temporary Threshold Shift in 45 Subjects at 500, 2000, 4000 and
8000 cps Following Acoustic Pulscs with Rise Time 0.5 mallisecond,
Duration 1.0 millisecond and a Repetition Rate of 1 Pulse Per

Second {1 PPS),

No. of Pulses
Pulse Level
& No, i db 40 80 120
Peak to Peak]
2000 4000 8000 500 R0OO 4000 8000 500 {2000 4000 8000 500
1 158 db -3 -1 -7 .5
2 "o -1 K 1 51 -1 -5 4 1
*3 "o 2 14 8 S
* 4(C.C.) now [ 13 -1 0
5 . =5 4 1 3] -4 4 4 3
* 6(WH,) 159 db 5 2 24 4
7 v 2 -4 a1 S
8 "on -1 5 4 0] -3 .4 6 3} -3 -7 -1 1
9 "o 1 -1 2 -5
10 " ” 8 1 8 6
- 11 "o 3 -1 9 -2} -7 -10 -12 3
. 12 "ow -11 9 5 -4t -8 .3 .3 3
13 " ou -1 8 8
*14(B,K.) " -2 31 -2
*15(W.B.) v 3T 12 16 4
Begun 730" Pust---| 15 ki 3 -1
*16(B,F.) won 19 10 18 .8
4 4 7T 1] ---Begun 6'00"Post
17 "o 2 0 10 .4
*18(3.C.) "o 4 -5 20 .5
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Table 2. Rank Order Correlation between TTS, from Acoustic Impulscs and
Steady State Octave Band of Noise

TTS2 from 1200-2400 cps Estimated TTS) from 60 Pulses,
Octave Band of Noise, 1 P/Sec, 168 db, (See Fig. 2)
10 Man, Duration, SPL 110 db

TTS2 TTS2
Aver, Daff, Aver. of Diff. 1200-2400 cps Impulse
2000+  from 2000+ from Band Noise 60 P/Sec
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ability to find their thresholds with continued References
use of the aud ter. The standard devia-
tion of 1.4 db demonstrates, however, that 1. Carter, N. L.; Ball, J, H.; and Kryter,
even with a large amount of audiometric K. D., ““Studies of Temporary Threshold Shft
testing (each subject had an average of 10 Caused by High Intensity Acoustic Trans-
pre-exposure audiograms) the audiograms ients.” Bolt Beranck and Newman Inc., Re-
are very consistent. port No. 916, January 1962, Contract No. DA
49-007-MD-985.
2. Ball, J. H., “‘Instrumentation for a

Actually, the effects of noise onheamingis  Study of Temporary Threshold Shifts Caused
taken as the difference between two audio- by High Intensity Acoustic Transients.”” Bolt
grams taken in fairly close i This B ). d N Inc., Report No. 785,
testing procedure 1s approxamateéd if we take  January 1961, Contract No, DA 49-007-MD-
the first two pre-exposure audiograms for 985,
.ach subject and compare the difference be- 3. Fletcker, J. L., "Contralateral Thresh.
tween them. Doing this, we found, mean old Shaft and Reduction in Temporary Thresh.
differences of +.5 db and -,7 db and standard old Shft as Indices of Acoustic Reflex
deviations of 2.4 db and 2.4 db at 2000 cps  Action.” U.S, Army Medical Research Lab.
and 4055 cps respectively. oratory, Fort Knox, Kentucky. Report No,
490, August 1961.

4, V‘.I_ard. w.D,, S:ltets. W.; and Glorig,
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that consistent differences between pre- and  Threshold Shift from Impuises.”’ Journal of
post-exposure audiograms of but 2-3 db at  the Acoustical Society of America, Vol. 33,
several critical test frequencies wall usually 1961, pp. 781 £.
be found with further experimentation to be 5. Ward, W. D., ‘‘Recovery from High
statistically reliable differences and pre-  Values of Temporary Threshold Shift.”* Jour-
sumably attributable to some interviewing  nal of the Acoustical Society of America,
factor, such as exposure to intense noise. Vol. 32, No, 4, April 1960, pp. 497-500,
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Figure 1. Photograph of
a. Photoformer Mask
b, Electrical Output of Amplifier
¢. Acoustical Outpt of Speaker as shown ¢n Oscilloscope
(The horizontal (time) sca’e in b. and ¢. 1s 0,2 mithisec per dav.}
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F. PANEL SUMMARY by Dr.
Center, Los Angeles, Calhiforma

It 1s quite a pleasure for me 0 be here
It has been 10 to 12 years since the last
time, and I remember 1t quite well because
at the time I was carrying a 22-pound
analvzer on one shoulder and 2 3.pound
scund level metcr on the other. By the time
1 fimshed the trip through various mlitary
bases the analyzer must have weighed 75
pounds. At least I was sure it was over 22
pounds. At any rate the early work on some
aspects of the military noise problem was,
as you know, sponsored through Walter Reed
Army Medical Center.

As far as industry is concerned noise
was acknowledged as a problem 1n 1802 when
it was first reported in black ith shops.

Aram Glorig, Director, Subcommittee on Noise Research

disadvantages clearly ewident n Dr.
Fletcher's paper 1s that the protective effect
of the aural reflex mechamsm 18 extremely
yvariable, There are so many factors that
influence 1ts action and even though it 1s
proposed as a standard devace we must re-
member that for some people 1t will provide
a large amount of protection and for others
very hittle, I am sure Dr. Fletcher did not
intend the device to be a replacement 10x eax
plugs or muifs but instead to furnish addi-
tional protection.

The work of Dr. Kryters group and of
our staff on Temporary Threshold Shaft
{TTS) as a function of impulse noise clearly
d that the TTS 1is not by any

The problem has been with us for a long
time, but not much has been done about it
untal recently.

Belisve me, 1t gives me no end of
pleasure to see the work Dr. Fletcher and
Dr. Karl Kryter and his group are doing for
the mlitary noise problem; itis high time.
Although, as a very practical man, 1 some-
times wonder about controlling gun fire
during war-time since it doesn’t seem very
iraportant to save a man's hearing when he
may get killed at anytime. However, I don’t
think this applies to the peacetime Army. i
one considers the number of people who are
sustaining severe hearing losses from gun-
fire 1t scems to me it 1s about time to do
something about the haman component of a
mechamzed Army and the conservation of
hearing is a good place to start. It is about
time we began to save wear and tear on
humans as well as vehicles.

Mr. Erickson’s paper clearly points out
that the problem 1s not only noise control
but noise exposure control. There isnt
much need to quiet a machine if no one wild
be exposed to its noise. 1f we think of this
in terms of noise exposure, the human re-
lationship 1s much clearer. It might be . ell
to r ber that the 4 jon to be

lished 18 thing whick canbe done
better over a longer period of time if human
senses are protected agamnst damage. We
must take into account wear and tear on the
human
Dr. Fletcher’s paper, presents a very
fascinatirg subject. We are doing consid-
eravic work on the aural reflex mn our
laboratory. We should consider this type
of research as more than ‘‘ivory tower"’
thinking, In this case the *jvory tower'’
has become the workshop.
see a very practical result of basic research
in the device that Dr. Fletcher hasd ibed.

means the same sort of process as that
which accompanies exposure to steady noise.
The literature will state that TTS can be
used to predict the amount of permanent
threshold shift (PTS) that will occur on an
average over a long period of time. We
made certain in our lab Y
several years ago which we are now finding
to be more than mere assumptions. For
exampie, we behieve that if there is no TTS
there will be no PTS (Permanent Threshold
Shift). We now have shown this to be true in
field studies wher~ steady noise 1s con-
cerned, but we do uot know 1f 1t is true for
jmpulse noise. From the data Dr. Kryter
presented it may even be true for ympulse
noise. Dr. Kryter's data are encouraging
to say the least. We also know that a cer-
tain amount of TTS can be sustained without
producing a PTS.

We also know from TTS studiesthatsome
octave bands are more hazardousthanothers,
If one looks at individuals with elevated
thresholds one finds that noise exposure
does not raise the threshold any higher than
it would in individuals who have a normal
threshold, The amount of shift 1s more, but
the maximum hearing level 1s no higher. We
can also determine quite well that adequate
damage risk criteria can be proposed on the
basis of TTS studies, As a matter of fact
the International Standards Organization has
recently proposed criteria on the basis of
TTS studies done in our laboratory and con-
firmed 1n others.

The experiments that were described by
Dr. Kryter have in the main substantiated
the experiments ducted in ourlab Y.
We found that when steady noise is the ex-
posure TTS increases as the logarithm of

I think one can tame. This is a very defanite law that holds
quite well for steady noise, but not with
1se noise. 1se noise seems to have

However, I would like to warn the group that
this device does not necessarily ehminate
other means of protection. There are ad-

di and one of the

tages and

P P

a linear relation to time. The mechamsm
of the change from steady noise is not well
understoed. We think 1t is 2 biochemical
change that takes place over a long period




of time. Dr. Kryter called it fatigue; Iam
not too sure fatague is the proper Word, but at
Jeast it 1s descraptive enough forthe present.
In the case of the impulse noise I don’t know
v/hat happens in the inner ear. We know that
r ammals gh level blasts produce actual
aisp'acement of the organ of Corti It ap-
prars that thexe must be a combination of
hanical change and a bioch 1 chang
in the presence of impulse noise. The
variability of the cffects of impulse noise 18
quite evident, One should expect this. The
effects of such rapd tramsients on the
ossicles with all the individual dafferences
in lar funct and the changes in

There is one last remark I wouid like to
make that I think 1s extremely important,
Out of all the work on impulse noise there is
slowly emerging the beginmngs of a hazard
criteria for umpulse noise. If one searches
the Literature one will find that all kinds of
criteria havebeen mentioned for steady noise,
but everyone studiously avoids damage risk
criteria for impulse noise, Wearebeginning
to sceaway out of the dilemma from work like
Dr. Kryter’s, Dr. Fletcher's and our own.

When the peaks in impulse noise reach
140-145 dB one should be sure ear protec-
tion 18 available. Below this it scems to be

dual bl

transmission through the canal are bound to
produce variability. The aurai reflex action
itself is as different as individuals. Some
people can t the staped ily.
We have 2 or 3 men in our laboratory who
can produce ab~* 30 dB of attenuation on
demand.

an 2 Most people do not
show much change if the level is below 140
dB. At 130 dB impulse noise produces very
httle TTS. If we leave this conference with
no more than the suggestion that we can do
something about impulse noise critersaitwill
have been worth while,
“Thank you.
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A. THE ENGINEERING OF TRAINING by Meredith P, Crawford, Human Resources Research
Office (HumRRO), George Washington Univercity, Washington, D. C.

The topic for this presentation ''The En.
gineering of Traimng’' has been chosen for
several reasons, First, since thisis a Hu-
man Engineering Conference, Ithought Imaght
capture your attention by the use of the term
Engiaeering As vou will see, however, I
plan to use 1t 1n a different way than 1s orda-
narily understood in human engineering cir-
cles. Second, the title was selected because
all of us human factors people in the Army
are concerned with the fabrication of useful
products for the Army, and in that sense
we are all engineers. Third, as I review the
research and development work done in
HumRRO over the past eleven years, I find
that the concept of engimecring 1s helpful
in clarifying my thmking abou! where we
have been and where we should go. Finally,
I believe that an of the ing
of the term engmeering and, in parallel, a
review of the meaning of the term research
may be helpful in our consideration of the
areas in which and the means by which the
several Human Factors agencies and labo-
ratories within the Army map compliment
and supplement cach others’ work for in-
creased benefit to the Army.

Webster defines enginecring as ‘‘the art
and science by which the properties of mat-
ter and the sources of power in nature are
made useful to man 1n structural, machine,
and manufactured products’. I would em-
phasize the ‘.. .useful to man’’ aspect of
this defimtion Research, bv contrast, is
defined as ‘', diligent and systematic in-
quiry or investiguiioninto 2 subject an order
to d facts or principles’’. While not
wishing to deny the ulimate utility of re-
search, the contrast I wish to emphasize
between engineering and research is the im-
mediate utihity of the final product.

The entire research and development ef-
fort of the Army 18 concerned withthe design
and construction of both new and improved

or man-~ systems, The
engineers and scientists within the R&Dfara-
jly devote primary attention to onc or the
other of the two kinds of components tothese
systems - hardwase o7 human, It is ap-
parent that the main effort and expenditere
goes into the hardware p t b
revolutionary breakihroughs in physical sci-
encs and the traditional branches of engi-
reering nave markedly extended the capabil-
sties of the hardware component, improv.sig
the system's ability not only to move, to
shoot, and to communicate, but evento sense,
to compute, to remember and to handle in-
formation. These gamns in the capability of
nardware components of systems have clearly
improved the effectiveness of the mane
machine systems of the Army, so that, for
example, the fighting soldier is no longer a

man-musket system with limited offensive
potential but is a man-missile system with
tremendous power. In view ofthese remarke
able ad in the p; t of hard-
ware components, some observers may be
inclined to ask- ‘‘Is the Army trying to fit
a relatively primitive M- | man to a sophis-
ticated M. 100 prece of hardware?”’

We Human Factors people would resent
such an observation, and rightly so, .ut 1t
may be worthwhile to 1ts impl
tions to review what we have accomplished
and hope to achieve, For purposes ofdiscus-
sion, let me proceed for a few manutes with
an analogy. May 1 compare and contrast the
design and production problems, if you will,
of the hardware component and the human
component of the typical man-weapons sys-
tem.

1. Both types of components must be
designed in terms of the purposesand
Limjtations of the man-machine sys-
tem as a whole,

2. Both must be designed to perform the
functions which are allocated to each
in the overall system design.

3. Both must perform within the system
with a degree of indivadual reliability
that will result in acceptable reliabil-
1ty of the system as a whole.

4, Both must be capable of rapid and
economical production.

Even to forestall your observation that
pressing this analogy bespsaks a callous
and dehumanizing point of view, I will not
elaborate the obvious by listing all of the
contrasts between these two kinds of com-
ponents. I wall only list a few which bear
directly on my topic of ““The Engineering
of Training:”

1. The human component is a member,
not only of the man-weapons system
specified 1n his duty assignment, but
also of a number of social systems
within and outside the Army.

2. The human component changes with
time as a result of experiences which
occur within the occupational system
of primary interest or inthe course
of his membership in other systems.
These experiences may improve or
degrade performance in the mane
weapons system of interest,

3. The human component by no meanz
realizes his full potential 28 2 buman
being simply as a functioning com-
ponent of a single man-machine sys-
tem. It may be cbserved, however,
that the more central or commanding
a role the individual plays in a large
system, the more nearly does Fehave
opportunity to employ his entire range
of abilities,




Having suggested these similanties and
differences between the two types of man-
machine components, let me carry the anal-
ogy further by discussing the problem of
design and production of the human compo-
nent for Army man-machiae systems. Few
meen enter the Army with all the necessary
know..dges and skills toassume immediately
a role mn an Army man-machine system A
human component needs to be “‘fabricated’’
from the raw materal of recruit or officer
candidate The means for thmis fabricationor
production 1s trainng.

Logically, the design of the component
should precede the design of the production
pro , Al P t design d
tions should be limaited by the practical
possibahities of the production process. Ide-
ally, the designers of Army man-weapons
systems shouid go about thewr work wath the
full knowledge of the potential capabihities
and lLirmatations of that sample of human
beings from which the human components
for the system will be produced That this
15 not now the case, atleastinas full a meas-
ure as we mght desire, is due in partto
our own inability, as human factors spe-
cialists, to provide this knowledge, as well,
perhaps, as lack of awareness on th: part
of designers of what useful information 1s
aiready available. Various cfforts by all
Army human factors agencies are contrib-
uting to an improvement of this matter, but
to trace these developments would be beyond
the scope of this paper.

So far, I have introduced the terms engi-
neering 3na ressarch, have compared and
contrasted the ruman and hardware compo-
nents of the man-weapons system, and have
spoken of the difficuity in achieving simul-
taneous and equal consideration of design
problems of hardware and human compo-
nents. I wish now to outline a scheme, or
series of steps, for the engineering process
required in building atianing program which
will produce a specific human component for
a particular man-weapon system, Of neces-
sity, this schema has a dual purpose to
design the human compcnent and to design
the traiming process by which the human

p t 1s produced. While the el is
of this schema are not especially new or
umque, their combination and specification
in this form bas been induced from HumRRO
experience over the past several veavs,

Faigure ) represents,n diagramatic form,
4 scquence of activities which 1s required
in the engineering of a traiming program.
While the livision of labor within these steps
15 somewhat arbitrary, I believe they in-
clude taz essential things that have to be
done, Lach will be discussed in turn.
Analysis _of the Mihtary System from the
Human Factors Point of View,

The mibtary system, whether it 1s an
existing infantry squad, a contemporary artil-

sery battery, or a proposed weapen-system
sull on the drawing toard, must be analyzed
as the necessary starting point for a de-
termination of the characieristics required
of both the hardware and human compo-
nents. The human factors aspect of the
analysis 15 the basis for determning what the
individual man wall do, in each position, and
with what equpment he will work. This
analysis forms the basis for job specifica-
tions and functions allocation, It 1s at this
system analysis step that it should be pos-
sible to determine the relative contribuuons
to the performance of the human component
which may be made by research m selection
and classification and by whathas traditional-
ly been known as human engineering as well
as what must be accomplished throughtran-

8.

The balance of effort among these three
kinds of human factors work can be deter-
mined during the system anaiysis. in the
case of a particular system, and a certamn
available supply of manpower, the solution
may involve much more efforl along one of
these three lines than the other two. Thus
this system analysis from the human factors
point of view 18 = responsibihty whach should
be shared by 21l Human Factors Agencies.
It 1s also in this step that attention s gaven
to some of those characteristics mentioned
earlier which are umque tothe human compo-
nent and result from s membership in
several systems. For example, 1t would be
determined whether or not the people in-
volved in a particular system are expected
to move about within the system from job
to job or leave it for other jobsin other sys-
tems. Thus, career development has an im-
portant bearing on traimng. Also 1n this
analys:s, attention would be given to the
general physical and social environment in
which the system 1s to operate, since the
characteristics of these environments have
an important bearing on the continaed re-
Liabihity of performance of the human compo-
nent. Doctrine of employment of the system
would be considered as it forecasts extra-
systemic influences on the human component.

Analysis of the particular job. Next,
out of the analysis of the operational sys-
tem, the particular job 1s studied to de-
termine the inputs to the job from the rest
of the system, and the outputs which are
required from the job, Job amalysis for
traning must be much more detailed and
precise than that used for descriptions in
personnel classification manuals, To sup-
port effective training programs it 1s neces-
sary to analyze the tasks :in stimulus-

terms to & ine the forms of

behaviors they require,

At this point in the developmental se-
quence, a division of labor is iutroduced,
On the left-hand side of the figure are shown
the steps involved in developing the cur-
riculum of the traiming program itself, while
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the right-hand side pertawmns .0 the measure~
ment of job proficiency. These efforts come
together in the evaluation step at the bottom.

Specification of knowledges and skills.
Within the parameters of required nputs
to and the outputs from the Job, the processes
by which the individual makes these trans-
forn ations are identafied Here the interest
15 to find out what kinds of knowledges and
what sorts of skills the man has to possess
in order to do his work, Here we attempt
to “‘look wmnside the man,’” in 2 sense, to see,
1n psychological terms, what kinds of pro-
cesses - ike sensing, discriminating, re-
membering, deciding, and reacting.are re-
quired for him to function in the job, We
must determine what must be done and with
what accuracy and with what speed. We need
2iso to find out what cucs indicate that an
action should b> taken and what feed-back
s available ‘o tell the man how well the
task was done. Social or inter-personal
skills must also be considered when the job
invol cr ltural tion or
crew coordination or leadership. It 1s es-
pecially important tc detexrmine here the
minimum number of knowledges and skills
which are requred, lest time be wasted on
traiming onirrelevant, nice-to-know informa-
tion,

Deter of tramning objectives.
From the knowledge and skill specification,
and from an assessment of the probable
content of the repertoires of persons to be
trained, it 15 now possible to state in fairly
precise terms the objectives of the traiming
program as a whele. The goals may be
limited to the specific job or they may con-
tain ¢'ements furnishing preparation for other
jobs later in the man's career. At this
point, we consider the level of profici

The characterastics of such equipment may
Le more accurately specified at thms point
than 18 often the case when only the char-
acteristics of the hardware are taken into

deration. Included in this “‘package of
traming’’ are achievement tests for each
part of the program which provide a measure
of the student’s progress and are designed
to keep up his motivation, Thesetests meas-
ure only the acquisition of knowledges and
skills, and should not be confused withmeas-
ures of the total job performance, which s
accomplished by the proficiency test mda-
cated on the right of the figure.

It 1s within this step that the most rapid
advances are teing made in the technology
of wnstruction. Generalizzd principles ofhu-

find £ 1

man 1 g are pp
tion 1n prog for d mnstruc-
tion. In preparing material for presentation
in teach hi bled books or
other media of selfinstruction, programmers
ared 1ng that the subject matter must
be examined very careiully to be sure that
each frame 1s meammngful and relevant to
what the student is learming to do. The
steps which are outlined in this diagram
specify a method by which such precision of
statement can be achieved.

. Development of measures of job pro-
iciency. Moving nowtothe ht-hand side o
the figure, we follow the hnegfrom the anal-
ysis of the job, which specified outputs or
products of the job, down to the box labeled
“Development of measures of job profi-
ciency’’. In pt these are detailed and
reahstic, performance-type tests of the job
as a whole, and they yield objective, numer-
jcal scores which measure both skill and
knowledge. In so far as possible, the test

Y
which the man 1s expected to have at the end
of training, a matter which we will discuss
in the step shown on the right-hand side of
the figure. Here again we see the inter-
action of trammng research, selection re-
search, and human factors engineering. i3
people can be selected who already have a
large number of relevant slalls, training
time can be reduced. If the operation of the
equipment can be simplified by daf;

the inputs to the man
as he would receive them from his position
in the military system, yet isolates him
from it in order to measure his individual
output, In building these prof; meas-
ures, we must seek mlitary advice, espec-
jally as to the determmnation of acceptable
dards of perfor

So far, we have been able to use only

of dials, meters, and controls, traimng can
be simplfied. Furthermore, at this point,
it 1s possible to decide about an optimaum
combination of school and on-the-job train-
sng, a2 well as the kinds of aids, such as
manuals and check lists, which will be made
available for use on the job.

Construction _of the training program.
This step involves the selection of spe-
cific wubject matter to be used in the cur-
riculum, the pro-=-—wens of instruction,
and the special tecamques which may be
designed to motnate the trainee, Oppor-

global judg s by military experts as to
minimum standards of proficiency. As the
technology develops, we hope o be able to
derive, from the original system aralysis in
a mathematically elegant manner, the mini-
mum proficiency required of each human

P t to provid ptable sy oute
put. Also it 1s desmrable, though not yet
very feasible, to have this proficiency test
yield a measure of re at hity of performance
over continuous opera. .a within the system,
This would probably require a complete sys-
tem simulation rather than simulation of the
output of a single job and would introduce
several licati into the

ement

tunitres for practice may be provided in
the form of d and

~f individ ‘rsystem output.
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Evaluation of the traiming program. Fin-
ally, at the bottom of Figure 1, the effec-

tiveness of the new program 1s evaluated
by measuring the performance of the repre-
sentative sample of soldiers trained under
the new program. In some cases it may be
a matter of comparing an old with a new
train.ng program toward the adoption of that
one which yields hgher proficiency and
perhaps at less cost in time and money.
In any event, it 1$ a necessary step in
determining the effectiveness of the entire
trang procedure which hasbeendeveloped.

This combination of steps now sexves as
a useful guide in planning those researchand
development activities which we in HumRRO
have come to call ‘‘Individual Curriculum
Enganeerang’”. With the schema as a frame
of reference, 1 would now like to discuss
three topics.

1. The relation between research and
engineering an traiming research and
dsvelopment,

The pomts at which this series of
steps 1s most in need of improvement
and elaboration,

The points in this schema at whichall
human factors agencies have a com-
mon interest.

When we grant that the prancipal business
of those of us in traimning research and de-
velopment is engineering, we face the very
interesting question of the place of research
in such an enterprise. The definition of
research used earlier emphasizesthe search
for g 1 principl These g 1 prin-
ciples are useful because they relate to
concepts which can be identified in many
situations, By contrast, the accumulation of

peri in a ber of specific, in-
divadual curriculum enginecring Johs raises
the difficult question of the extent of pos-
sible generalization from specific findings
to new problems. As we all know, the main
difficulty les in the fact that 2 great many
variatles are in ent op ion in the

2,

sorting e 1solated relationships we find an
engincering studies, we will be able to
1dentify cextamn areas in which more general
relationships  probably obtain. From this
commeon sensc type of sorting we hope to be
able to pose hypu*heses which can be tested
under tie rigorous conditions of research,
and should be able to persue such research
with some assurance that the variables so
wdentified are important in practical situa-
tions and age worth the labor of controlled
experimentation.

14y second topic corcerns how we go
about improving the technology of traiming
engineering~1in the current nsiance, im-
proving the state »f the art in each of the
seven steps. Our level of expertness differs
for each step. I believe thatthe mostprecise
technology exasts for the bwilding of profi-
ciency tests b in large e, this
1s a matter of g the real operat: 1
situation. Laimatations of equapment and ter-
rain as well as time, are the chiefobstacles.
Also, with some ingenuity, objectave ways
of recording and measuring behavior can be
invented. For the last step, expecimental
evaluation of the traimng, statistical tech-
niques exist which are adequate, leaving only
some interesting questions aboyt the inter-
pretation of differences interms of statistical
significance and practical utility.

The technology for the conslruciionoftie
traimng program is by no means complete,
but rapid advances are being made in this
area. Much of the work being done in auto-
mated anstruction is essentially of a tech-
nological nature, and a great many practical
findings are ing out of the en-
gineering efforts in programming. Thus the

hnology of cur 1 construction 1s
making real progress. Some more basic
research studies in progress inHumRRO and
elsewhere having to do with fundamental
as the absolute difficulty of a unit

of learming are also adding to our knowledge.

The steps which are most in need of
hnolosical d

engincering study so that the r t 18
dependent upon a particular mux of these
variabl>s In go far as we can reproduce
the var ables in 2 res) Army training situa-
tion, we canforecastthatthetraining program
we develop will work in the fieid. The
problem 18, how can we judge whether the
conditions which worked :n one satuation will
wozsV inanother? Sometimesz commen sense
aucEs turns out to be correct, but we would
fike to have a more dependable means of
moving from one engineering finding to
another,

It appears that, for the immediate future,
we murt be satisfied tc make the best use
we caz of isolated observations on the kinds
of treatments whichhave worked inparticular
situations, sorting these out os best we can

Yaei

It P are the earlyones
in the sequence: system analysis from the
human factors point of view, analysis of the
job, and specif; of k fed and
skalls,

1 believe that it is in these areas that the
various parts of the human factors program
can be of most assistance to one another.
This 1s my third topic. Let me elaborate
on it. We have all been much concexned of
1ate as to the methods of doing ananalysis of
a man-weapons system from the human
factors pomnt of view., Fourtunately, a coop~
erative effort in this areahas begununderthe
direction of the Human Factors Research
Division, Office of the Chief of Research and
Development, Department of the Army, in
which sel and ¢l fication, human

and them tog in as similar con-
text as possible. It 18 my belief that from

g g, and training rescarch people
are working together. From such study we
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hope to learn a great deal about the kinds of
“‘tyade-offs”’ that can be effected between
the ways of improving a system from the
human factors pomnt of view, we need to
learn how to estimate costs interms of se-

the work of all human factors agencies
in so far as we can make progress in such
study and to effectavely divide our work,
we will be in better position to share data,
When we are able to name and classify, with

lectinga certan ple of the ol pool
~th special abilities, versus the costs of
training men with less aptitude. Samilarly,
we need to learn how to estimate the produc-
tion costs of various options in hardware
design which options are taken to facilitate
the mampulation and control by humanbeings
of himited background and aptitude char-
acterastics.

Perhaps the most important basas for
such a system analysis 1s the precision with
which a task and skill analysis can be done.
These umts of behavior determined by such

1

a understanding, all soxts of compo-
nents of mhtary performance, we will be
able to specify mndices of diffsculty of tramn-
ing mn human component behaviors, to select
and classify with more precision, and to
foresee the problems of adapting hardware
components to facilitate fundamental kinds
of behaviors.

In summary, this presentation began by
citing various implications of the term en-
gineering, and urgd g the eng: ng
of human and_Hardware components. By
elaborating a schema for the engineering of

an analysis, constitute the

mnator betweeci all the human factors ef-
forts. We need a great deal more study on
how to define a umt of behavior and how to
specify the cue-response relations wathin a
given task or operation. This kind of study,
the taxonomy of behavior, 1s fundamental to

t 1 have ted to specify things
which training engineers must strivetolearn
through lati f i find and

of B’ ad
fundamental research, and 1n addation, to
point out, within this schema, ponts at which
all human factors agencies within the Army
may plan profitable interaction.
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. Computer Simulation tn Human Factors Research by Lee W. Gregg, Carnegie Institute

of Technology, Pittsburgh, Pennsylvan.a

Cne important part of any research ef-
fort 1s to find an appropriate model or way
of conceptualizang the thing that 18 being in-
vestigated. In the physcal seiences and
engl eering, progross in research can be
hinked very directly to the deveiopment of
more powerfal mathematical techmques. In
human factors -rescarch many of our rhost
powerful mahematical tools fail us—partly
because of the nature of the complex inter-
actions pres<nt in manemachine systems:
partly because of tie jack 0f 2 pntform dimen-
sional structure fog measuring man -and
machine performance. The purpose of this
report is to relate somerecent develcpmants
m computer technology 'to the problem of
describing mansmachine systéms of the sort
that human -jactors specialists might en-
counter.

Human fadtors problems arisy in the de-
sign and devclopment of man-machine ¢ys~
terms 1n two ways. The first calls foran
undergtanding of uniquely psycuological as-
pects of human performance, Man, as oneof
several components of z larger sysiem, s
abls to perform a variety of actions ¢hat
depend on iz perceptual or intellectual
cepacities, How best to specify precisely
what the functions are sotnat function alloca-
tion—the division of cffert boiween man and
machine companents—can be made appro-
priately 1¢ the source of innumezabio specific
questions. We have only pa.tial answers to
these questions cven though much of expsri-
mental psychology, boihindividual and soaial,
and the special interests of cngineering
psycholegy deal with the same set of Gues-
tiens.

A zecond souce of human factors prob-
lers comes about when we treat the human
eomponent of the zystem as 2 baclogl

These facts lead us to the following
statement of the requiremente for under-
standing what a system is and how it works,

i, The model should be able to predict
or generate ““instantaneous’’ values of come«
posite behavior during the time that the
system ig beang studied.

2. The model should be able to show the
rolative contributionsof p t beh s
and their separate relationships to the _om-
posite behavior,

3, The model should provide @ structire
of sutficient generality that behavioral pre-
dictions from it are possible 1n a changed
systems’ environment and with changes 1
the systems components and thelir configura-
tion,

Models of Systems.

Systems behave intime, This s, perhaps,
the kay aspect of system theory that imposes
limitations on the cholce of available models,
1f the system 18 simple enough and the be-
havjur.te bc predicted by the modelis well
usnderstood, it may be possible to write the
diffgrential equations that rigorously express
changes in performance as afunctionof tims,
‘Wull understocd’ benavior implies dimen-
slonality in space, time, and mass units of
conventional physical measurement,

There are a few ways in which we can
cheat 2 little on our understanding of sys-
tem’s behavior, bat apparently retain rigor
s a mathematical model of the system. If
changes in the system’'s components are
slow enough, assuming a “’steady- state’” may
maks 1t p ble to use tant 233 t:
and sets of linear cquations frem which
response to time varying inputs can be pre-
dicted. Why 1s this cheating? Breaking the
prcblem into a series of discrete stages 1S

3
Humar.
tolerance to stress, adverse environmental

rather than a psycholegical entity.

conditions, or simply to worx and effort
determine the Limits of performance of 3
humen as an individual systems’ component
and, hence, the 1ts of whole-system per-
formance, Here, the purely sensory and
motor capabilities of man and his physiolog:-
cal reactioas to trauma, inbothbrief and pro-
longed exposare, make up the problem areas.

Whethzr oir research goals lead us to
corsider either psychologicalmanor biologi~
cal man, the foccus for the solution of human
factors problems s in finding a way to
represent complex, interacting relationships

not cheat: but gl g over the mech-
anisms that lead to non-hnearities is. Ide-
alized models may be constructed where
known functional properties of the system
sre ignored. Weather analysis and predic-
tion today 18 mowving into this stage of ex-
planation. Of about seven known equations,
only two or three actually enter into numer-
1cal prediction for :dealized parcels of rela-
tively high altitude dir masses. In the ex-
treme, focusing attention on input-output
relationshipe that have been empincally
obtained may make it possible to describe
the transfer functions of a system. Through
experimental snalysis, useful resuits maybe
achieved, but these expressions, siice they

involving human beh and a ging
environment. Usually, one part of the en-
vironment is composed of other units—other
men or machines—so0 that the behavior of

pletely ignore the mechanisms by which
behavior 1s produced, can scarcely be con-
sidered models of the systems,

The bulk of the stimulus-response rela-

interest 1s that of the posite. The
changes that occur do so as 2 function of
time,

jonghips in the psych 1 literature rep-
resent ‘‘theory’’ inthisform. These psycho-
logical laws, however, 1mply still another




approach to del 1 t In
contrast to the exact solutionsofa completely
deterministic model, probabilistic models
invoke random variables to describe the ex-
pected values of effects produced by sub-
umts.

Of course, it’s entirely pecsible that
some: very basic physicological or psycho-
logical mechanmisms can best be described
in probabilistic terms, But, intuitively,
the modeling of an artificially created sys-
tem—one that 1s designed and developed to
achieve specific goals-should be determin-
1stic rather than probabilastic. After all, an
evaluation 1s directed toward this particular
system's performance, not the average per-
formance of several systems alike in some
respects, but different in others. This in-
tuitive conception has clinical overtones.
We want to know, insofar asis possible, how
one particular umt behaves in contrast to a
statement of the form that 60 per cent of the
defined population will exhibit suchbehavior,
All of our engineering training argues that
system design should not incorporate unre-
hable components that perhaps will function
as expected ata specmed time, perhaps not.
The d and d, not-so-artificial
human may exhibit behaviorthat 1santustively
iess determumstic. Yet, 1t appears that we
too often are ready to plug in a random
generator rather than attack the <carces—
some of them quite well euablxshed—o{
variability, The puter
1t will be argued, provide a tool for under-
standing that should make 1t easier for us to
incorporate deterministic mechanism more
elaborate than ever before into our ownthink-
ing about complex systems.

Computer Simulation Models,

The new d s in p tech-

Non-numeric data umts with structure and
pattern can be def.ned and processes for
modifyang the structure, adding to it or
ehiminating elements from it, devised, Just
as the machine can be made to store the
number 10, by certain conventions, it can be
made to remember that the color of an apple
1s red, The problem was to find convenent
ways to do this and one solution was the
creation of a class of ““hst’ languages,

Infor: Pr g L V(IPL-
V) 1s the first of these languagestoappear in
published form for general use (Newel. etal,
1961), The language prescribes a set of
processes and the data term formats for
creating larger data umits that a single
number. The list structures enable us to
describe an object—any object. The red
apple, for example, would have a name,
Associated wath the name is a description
list where we could find that the value of the
attribute “‘color of this object™ 13 ‘‘red”’. If
we wished to further anf 3
with the object, we might add another property
to the description. The value of the attribute
“‘edibility’’ for this red appleis ‘‘goodtoeat’’.
Another apple with a different name maght
be a green apple and we might fmdby search«
g atc description hist that 1t 1s “‘not good to
eat’’. With the information processing tools
that IPL.V gives, we could represent the
task of sorting all the apples in the machine
into two piles—one for munching and the
other for green apple pie.

The program that we might write to do
this would be an exact description of a
specific sequence of steps; an exact state-
ment of the information processing indicating
what. tests are performed, the waythatapples
are “‘noticed”’, “*discriminated”’. and, 1f we so
chose, the way the applesare ‘‘picked up’’and
la:d down in particular locations of the grow-
mg pxles. The progtam could be a theory of

nology have lttle to do with improved hard-
ware. The imporiant achievements emerge
{from ions 1n the prog: g of com-
puters. The invention of regional and sym-
bolic addreasing convernons andthedevelop-
ment of t do codes

rcep as elaborate with
respect to i tal cir t and
as detailed with respecttothe sorters’ actions
as desired,
The early work with computer simulation
models—the work out of which the IPL-V

and compilers) have increased the power and
capabilities ofthe h largely by maki

grew—was that of Newell, Shaw,
and Simon (1956, 1957, 1958a, 1358b, 1959).
An overview of this work was given by

1t possible for prog: sto
ways of sclving more and more dafficult
problems,

Cre basic idea, however, stands out, The
computer simulation models of the sort we
will be concerned with owe their t to

Rei (1959).

What follows is an attempt to show that
certain human factors research problems
are amenable to attack through the theoreh-
cal £ - ix 'k that the p lation

1

the simple fact that the symboli

provid Three P bl areas wild
be di d and the i

tiona carried out by the computer need notbe
numerical, arithmetic operations but can be
any processes for which rules can be speci-
fied. The symbolsneed notbe numbers, Afier
all, the aarcuitry of the machine simply pro-
vides a format for representing numbers in
the first place.

briefly described, The first example :s one
for which an op

program now exists. The problem is one of
human cognitive behavior ina problem solvin,

task, It representsthe parely ““psychologica

man’’ aspect ofhumanfactors research, The
second and third examples have not as yet
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been simulated; the ““theories’’ have notbeen
worked out in sufficient detail, These ex-
amples fall into the “biological man’’ class
of human factors problems, although the
second example, one of sensory-motor per-
formancz in a visual detection situation, 18
highly influenced by cogmtive mechanisms
ustally associated with the higher mental
processes. The third example has to dowith
human tol to deceleration—to crash
forces resulting from light aircraft acci-
dents. It 18 entirely concerned with biologr-
¢cl man since the orgamism 1s 3 completely
pas: ¥ t, inthe psychol 1sense
if not in the physical sense.

Computer Simulation® Human Cognitave Func-
tion

F. V. Taylor expressed concern over the
uneveness of productivaty in engineering psy-
chology that seemed to be a function of the
kind of man-machine system that was under
wnvestigation, He noted that great progress
had been made in the analysis of closed-
loop control systems and went on to say

““Thus it seems to have happened that
when the engineering psychologist needed 2
model for the man as an element in a
tracking or control system, he found one
ready made. But for the other roles which
men play mn systems, no equally fruitful
models have been developed...What mandoes
have to do, in addition to controlling, is to
collect inforraation, filterat, store it, evaluate
it, and apply rules to 1t; in other words, he
has to make decisions and think, And for
these processes there are no adequate engi-
neering models because we do not know enough
about decisi king and thinking to reduce

them to mathematicallogic.”. (Taylor, 1960)

The ready-made model to which Taylor
referred was, of course, sexrvo-mechanmsm
theory. The kinds of systems that seemed
left out were the open-loop systems or
those systems where the feedback 1s essen-
taally discontinuous, And for the broad
areas of human thought andd ki

The computer simulation program 18
constructed by obtaimng protocols of ndi-
vidual Ss performing the task, analyzing
the response sequences in terms of the ways
Ss. represent the machine environment and
apply pre y acquired pts in per-
forming the task (Laughery andGregg, 1961).
A theory of human problem solving behavior
1s a collection of information processes and
the data umits on which these processes act
arranged in the form of a computer program,
A computer gaventhe same problem sequence,
the same ‘‘environment’’, andthe programas
mput simulates the behavior of the human $
by producing responses—swatch settings géne
erated according tothe processing rules. The
prediction is for an indsvadual S, and the
tltimate criterion 1s that every setting that
S tries should be produced, an correct se-
quence, for the same reasons.

Tests of the model are made by compar-
ing the trace of the computer on different
problems and under changed conditions of
presentation, We expect further that general-
ity in the information processes will exténd
across dafferent Ss with simular Lackground
and experience,

2o comparisons with alternative models
»s possible because no other theor’ss cof
human cognitive behavior exist that even
approach the level of discourse implied by
the lation. Ho , cextain its
can be made about the simulation model
jtself and its relevance to complex man-
machine systems.

First, the model traces behavior over
time. It does so for compositeas well as for
component behavior. The states of both the
human operator and of the physical piece of
laboratory equipment can be sampled through-
out the won. ‘T ** values
of variables are not reproduced, the com-
puters are high speed digital machines. But
one premise for which we have considerable
evidence is that the human machine 1s not
really continuous anyway. Any system’s

there was a theoretical void.

A small step toward filing this void is
jllustrated by the farst example of a 1abora-
tory task for which parallels in actual sys-
tem's control can be iound. The Ss face a
panei on which four two-position switchesare
saowmted, Above the switches 13 a push-
button and above the push-button is a light.
Some combination of the switch positions—2a
setting—will permit the Light to come onwhen
the push-button switch 1s depressed. A
seaquence of different settings is used to
establish a problem, In the abstract, these
proolems involve search and discovery, For
sequences with certain repeating, systematic
properties, the S must collect information,
store it, evaluate it—all of the activities
Taylor mentioned.

t behavioral variable, except time,
can be obtained from the trace. Next, we
note that the task is seral. What if we were
certain that the phenomena underlying a
particular piece of complex behavior were
parallel in time? This 1s a difficult, but not

table problem for si 1 Since
the simulations do not pretend to be real
time simulations, as long as discrete po'nts
1n the system’s flow diagram could bedent1-
fied where parallel processesconverge, per-
haps providing several inputs to stillanother
process, it shoald be possible to represent
whole systems performance. In the same
vein, paced in contrast to self-paced tasks
require that nodes be defined where inter-
ruption or transfer of control occur. We
have one such program that handles the
learning of syllables pr ted as
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on a memory drum at a constant rate per
syllable (Feigenbaum, 1961).

Computer Simulation Human Sensory and
erceptual S.

Human operator performance in visual
tasks 1s frequently of interest in human
factoes research. Many different kinds of
machines provade wvisual displays that a
human operator must monitor to detect
targets, identify them, or interpret taeir
sigmaficance. The research questions may
have to do with changes in performance over
time as in the vagilance tasks, with the com-
plexaty or structure of anput stimuli, the
spatial ox temporal relationships betweenthe
inputs and the responses required, or simply
the sensory limits as a function of conditions
of wiewing the display. When there are
multiple display umts, the perceptual phe-

b dingl plex {Karn
and Gregg, 1961). Questions about time
sharing and scanning, and the modificationof
these through experience withthe taskbecome
critical,

For the simplest of visualtasks, detection
of single targets in a relatively homogeneous
field, enough 1s known that some alternative
ways of deling the beh are labl
{Tanner and Swets, 1954, Swets, 1961; Mosier,
C. L, 1940). None of these theories yields a
moment-to-moment behavioral trace of per-
ceptual performance. However, 1t is none
the less possible to incorporate features of
both of these alternatives into a single model
for a rather particular case of wvisual
detection.

Suppose that in a serzes ofdiscrete pres-
entations the target—stimulustobe detected—
1s presented randomly but withthe constrant
that in a block of presentaticns, the target
occurs just half of the time. Next, suppose
that we are able to manipulate the conditions
of viewing so that visibility of the target
ranges from zero to ‘‘perfect’’ wisibility,
and t. avoid the parametric form of the
equations, consider this change in vasibality
to be linear with respect to successive
presentations in time. Thus, the observer
would be required to report thc presence
or absence of the target as it becomes
progressively easier to detect, However,
the target would not always be present but
would appear with a specified probability
unknovn to> the observer at the outset,

Drawing from classical psychophysical
:nd test theory, we can propose that the
probzbility of reporting that the target is
present is equal to the probability of a “true”
report of a target that has been presented
plus ersors that are a function of certamn
biasing mechamsms. The first 1s similar to
the response bias of the Tanner and Swets
model and 1s made 2 function of the rate of
change i wis.bildy. The sccond, thrownan

for good measure, 318 an nertial bias that
depends on the second derivative of visibalaty.
The result 1s a familhiar differential equation
from which the theoretical probabilities of
reporting the presence of the target whenthe
target is in fact present {correct responses)
and when the target is absent {errors of
commission or false positives) can be de-
rived, The linear, second-oxder equation
1s of the form.

" '
Lp,&B Pr Py = Pg

where: L 1s the inertial or lag coefficient;
B is the responses bias cocffic,ent; pr 1s
the probability of a “‘true’” detection, and,
Ps 1S the probabihity of target occurrence.

Beyond the fact that this model fits some
data rather nicely, it s an :interesting one
to pare with p 1 del
for the same class of behavior. The model
does predict, on a probability basis, the
insta-itaneous values of the composite behav-
1or, Since it represents a closed response
system, the probabilities of the biased re-
sponses are clearly linked to the composite
resuit. The model has some generality since
1t works over a range of input probabilities
and, hopefully, will work when experimental
operations are used to modify the initial
values of the biasing coefficents,

A computer simulation model, starting
with the same data, maght contain the same
basic hani a testp: for “'true’’
detection, a response bias process that is
modified through information feedback that
changes the value of an attribute in keeping
with the recent changes in the stimulus, and
another to represent the inertia in the re-
sponse system. These processes, together
with a resp t: hani and a
test that compares Ss simulated response
with the actual state of the stimulus on a
given presentation, would be about all that
is necessary to achieve the same results
that the differential equation would give. In
fact, the simulation model could be very
little more than a model for computing the
discrete values of the continuous mathemati-
cal expression.

Clearly, the simulation model must be
prepared to offer more than a computational
algorithm. Perhaps the quickest way to
show where the two approaches split apart
1s by introducing just one add 1 pli
cation to the experimental plan in which the
observed responses are obtained. Let this

P tion be an indep or:
source that aperiodically “‘warns’’ the ob-
server of imminent changes inthe proportion
of targets that will be presentedinanenswuing
time period, but does not always do so. The
effect of this modification on the differential
equation would be disasterous. No longer
would the £, t, L, be There




would be little hope for any reasonable solu-
t1on except throughdetermining the statistical
properties of the awaliary nformation
source. On the other band, 3t 15 possible
to1magine the construction of the mechamsms
by which the psychological set of the human
aperator 18 changed upon receiving the warn-
1ng signal so that he “‘expects’’ the changes
and 15 ready to cope wih them Further, we
would expect rather marked changes in the
way the observer atlended to tne onsuing
series of targets and the ways that he tried,
i particular, to determane the direction of
the change and to esturale the probability
of occurrence of the targets.

There are other possibihiies having
roughly the same consequences. Fatigue
decrements (Gregg, 1961), learming effects
{Karn and Gregg, 1961), a variety of fairly
obvious psychological or physiological phe-
nomena would be beyond the potential of the
mathematical model, and yet, would be con-
sistent wath the proposed simulation. The
point need not be labored. We all know how
easy 1t 1s to write equations that can't be
solved, The phenomena implicit an humar
behavior and compiex machine systems
quickly transcend our current mathematical
tools.

Computer 1 Crash Injuries 1n
Elgﬂtglax‘x_e Accidents.

The third example of 2 human factorsre-
search problem 1s a problem of describing the
dinel 1

tions of design changes for engineers who
might wash to bwld more crashworthy air-
craft,

Well, back to the differential equations.
Using data from a varnety of studies of
human toleraucé o Jeceleration, it has been
possible to conceptualize a mechameal model
of the restramnt system and the occupant, and
with certamn ptioas about £f) and
elasticity, to work through a mathematical
model for computing forces in the spinal and
transverse modes of application, One en-
gineering firm offexrs us ananalogue coraputer
that will yield a physiological index as the
ocutput measuce for any arbitrary decelera-
tiqn anput.  The problem now becomes that of
prescribing the nput to the system at the
point where the crash forcesare apphied. But
what should these inputs be? What of the
interaction of the transverse and spinal force
vectors; apd of the many kinds of injury that
are caused independently of the restramt
system properties? Each of the secparate
approaches has something to offer, but we
stall seek a more general picture, a more
inclusive picture, of the behavior of the air-
craft and its occupant during the crash,

The feassbihity of a computer simulation
of th. crash dynamics rests in part on being
able %o define what we mean be “‘behavior’
an information processing terms. The rele-
vant benavior, wethink, 1sthe transmissionof
forces through the aircraft and occupant
structures. The imtial impact energy is
dissipated 1n the progressive destruction or

dynamics of an gly P event,
The problem centers on the prediction of
injuries to the human occupant of an awrcraft

subjected to the rapid decelerations of a
crash.

One approach to the analysis of accidents
is to define some vamables: degree and kind
of injury to the occupant; mpact variables
such as velocity and angle, other variables
related to the terrain and structure of the
aircraft. Then, either through controlled
crash tests or field investigation of acci-
dents. data can be obtamned from which the
relationships among the inpul variables and
the injury variables are derived, Statistical
analyses (Gregg and Pearson, 1961) show
that seven or more types of input variables,
or factavre, are important un pr dicting just

ge that The core ofthe simula-
tion model 1s a process that takes as wnput
information about the structural umt on
which 1t acts and an energy vector applied to
that umit, Theprocess dissip the absolute
magmtude of the energy and transforms the
vector for input to the next umt.

Identifying the “*structuralunits’’ nowbe-
comes critical for developing the model,
Enginecring analyses of common makes and
models of hight aircraft are being made to
determine major structural components. It
1s obvious that not every item that appears
1n a parts manual will qualify as a structural
umt. It 1s less that the sndependent
g 1g will prod a small
enough number of them to £1t a rmodern com-
puter, In any event, the 1nitial attempts in

3

one .ross output variable, degree of injury,
ard the prediction from freld observations 1s
a0t vesy good even then. Notice thatthis ap-
proach is very symilar to the stimulus-
response input-output, ideas discussed ear-
lier, T .e multivariate prediction model can
serve as «n evaluation device to compare the
resuns of different experiments where air-
crafi wesign and occupant tie-down links are
varied The statistical distributions of the
variables are also of interest in their own
right. But such an approach does not pro-
vide the detailthat couldleadto recommenda-

prog: a model will follow
simphified schematic diagrams that indicate
the ways the umts are hinked.

At this point, we are still missing the
anformation that is the most essential part
of the simulation, How does the energy
dissipation process “know'' what to do?
What are the rules for transforming energy?
The consequences of energy wasorption n
the aircraft structure 1s damage. Consider
the followang, very crude example, Given
an aircraft of a particular design, 2 hara
landing may or may not lead to the collapse
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of the landing gear. If, however, the gear
collapscs, a Series of alternatives are pos-
sible Among the alternatives are varying
degrees of damage to the underside of the
fusilage. Force transmitted through the
major structural components must be as-
sociated with each alternative pattern and
degree of damage. The data umts of the
compuzer program will specafy, asattributes
and values for each structural unit, alterna-
tive outcomes from which magmtude and
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direction of forces can be derived. The
energy dissipation process applics a serics
of logical tests to accomplish 1ts task,

Just as the simulations of cogmtive be-
havior in humans was based on subject
protocols and traces of ongoing behawvior,
the development of the crash dynamics pro-
gram have objectaive data to draw upon,
High-speed motion pictures and accelerom-
eter traces obtained in the crash testing
program sponsored by the U. 5. Army
Transportation Research Command will be
the source of these data.

Conclusion

Perhaps the three examples are suffi-
del

ciert to showthat P lation

are p jally useful ptual h

for the analysis of complex systems, The
early of the h inprovading

models of intelligent behavior, the broad
span of human and machine activity that the
simulation programs can encompass, the
mere fact that human and machine behavior
can live side by side within the context of
one of these programs, all of these argue
for the fruitful of the app: h

Over-riding the differences inthe several
examples is a particularly compelling idea.
Models of complex systems should be as
elaborate as they need to be to account for
known mechanisms that play a part in pro-
ducing behavior. This research strategy
implies that our knowledge andunderstanding
will increase faster if we broaden the scope
of our explanatory efforts thanifwe narrowly
pursue ts of 1solated frag ts
of behavior.

It is obvi that the expenditure of effort
»n wriling the computer simulationprograms
18 subxtz.l1al, The existence ofthetechnique
CJoes not guarantee fast or easy solutions to
all oithe probiems of humanfactors research,
It should also be clear that the 1ssue is not
that these information processing systems
replace the creative efforts of the research
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APPENDIX It

CURRENT WORK PROGRAMS, BIBLIOGRAPHIES AND BIOGRAPHICAL DIRECTORIES

OF PROFESSIONAL PERSONNEL OF HUMAN ENGINEERING ACTIVITIES OF U.S. ARMY

AGENCIES,




1, U.S. ARMY CHEMICAL RESEARCH AND DEVELOPMENT LABORATORIES, ARMY
CHEMICAL CENTER, MARYLAND

A, CURRENT WORK PROGRAM

1. a. The human factors work program at USA Chemical Research and Development
Laboratories 1s carried out largely by the Directorate of Medical Research, under the follow-
ing projects,

4008-02-024  Medical and Biological Aspects of Chemical Agents
4080-01.005  Chemacal Defense Research

4099-02-002  Wound Ballistics, and

4X99-26-001 Basic Research in the Lafe Sciences.

b. Work Recently Completed,

{1) CRDL participated in a fxeld study of the changes i estimated casualty
experience resulting when ch 1l and b gical P with the ry CBR protec-
tive equipment, were introduced into the play of various tactical infantry problems Other
participants in the study were the USA Chemical Corps Field Requirements Agency and the
USA Cherucal Corps Biological Laboratories,

Date Estimated
Project Experimenters Started Completion

PROJECT SAMPLES G.B, Coe Mar 1962 ComgEleted
F.N, Craig
E.G. Cummings
C.R. Phillips

Results have been reported in a classified report,

(2) The Antiflash Mask M19 18 a gained item of the Chemical Corps, formerly
withdrawn from issue. The design has recently been undergoing modifications intended to
improve the mask’s protective qualities in its intended use .e,, to protect the faces of 3.5
rocket-launcher crewmen from flash and firing debrisincidentalto firing, a particnlar hazard
i cold weather), A design prototype, the M19 (improved) mask, was submitted for human
factors evaluation prior to entry into final engineerang tests.

Project Experimenters Started Completion

Human factors evaluation S.E. Jackson Oct 1961 Completed
of Rocket Launcher E.R. Clovis
Anti-flash Mask, M19
(Improved)

The mask proved to have several grave design defects from the human factors point of view,
Most of the defects involved impaired visual functxons, a crucial famaly of abilities for the
rocket-launcher gunner. Other defects invoived xoggmg/xrostmg of eyelen!esand the absolute
icompatibality with use of the left eye in ht for mi izang or
correcting the major sources of human factors conflict n the design were submitted along
with the findings. Included were photographs of a rouch mock-up of a mask modified accord-
ing to the recommendations.

c. Present Status

No human factors engineering studies are in progress at this time,

In non-engmeermg human factors work, the most active field is human pharma-
cology, P 1ly psy gy. In a ing program of human testing and ex-
perimental studxes. the q e and ive natures of man's responses to candidate
chemucal agents and potential therapeutic drugs are being elucidated. At present the in-
capacitating agent-type of cand:date (together with possible autidotes) is receiving major
emphasis. One major concern is methodological in nature. Briefly, it 1s How important

1s ¢ach chang 11 duced in man, to combat effectiveness?
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B, BIOGRAPHICAL PIRECTORY OF PROFESSIONAL PERSONNEL

CLOVIS, ERNEST R.. Ma,;or, MSC., Research Psychologist, PhD, Umversity of Pittsburgh,
1952 Methodology of A

CRAIG, FRANCIS N,, Chief, Applied Physiology Branch, PhD, Harvard Umversity, 1937,
Respiratory and Environmental Phys:ology,

CUMMINGS, EDMUND G., Research Physiologist, PhD, North Carolina State College, 1955.
Respiratory and Environmental Physiology,

FIDDLEMAN, PAUL B., First Lieutenant, MSC, Research Psychologist, PhD, Umiversity
of North Carolina, 1961. Psychopharmacology.

KETCHUM, JAMES S, Captain, MC. Research Psychiatrist, M.D., Cornell Unmiversity
Medical College, 1956. Experimental Psychiatry, operant psychology, information theory,

McCLURE, CLAUDE . JR., Major, MC., Chief, Human Investigations Branch; M.D,, Bowman
Gray School of Medicine, Wake Forest College, 1950, PhD, University of North Carolina,
1960. Neurosurgery and biochemistry,

SHXNKMAN PAUL G., First Lieutenaat, MSC. Rescarch Psychologist, PhD, Unmiversity of
hi 1962. Comp ive Psychology.

STEARNS, EDWARDR,, Captain, MSC, Acting Chief, Psychology and Human Factors Engineer-
ing Branch, PhD, Umversity of Calif 1960, Exper tal Psy gY.

STRONG, M, JEROME, Captam, MC. Anesthesiologist, M.D,, Boston Universty School of
1956. An Y logy.

GOODMAN, EPHRAIM P., SP/5, Chinical Psychology Speciahist/Research (915.24) MaA, State
Umversity of Iowa, 1958, Tests and measurement,

MELTZER, DONALD, S d Li , MSC. Graduate Stud Trainee, MS, Umversity of
Pittsburgh, 1960, Cperant Psychology.

MERKLER, NORMAN L., Research Psychologist, AM, George Washington University, 1957.
Operant Psychology.

BARHOUM, JOHN A., Pwvt.,, Clinical Psychology Specialist/Research {915.14) AB, Loyola
University of Los Angeles, 1960. Tests and measurement,

HERTZLER, DAVID R., SP/4, Clinical Psychalogy Specialist/R ch (915.14) AB, Gettysburg
College, 1960. Experimental Psychology.

JACKSON, SAMUEL E,, Research Psycnologist, BS, University of Louiswille, 1956, Ex-
perimental Psychology.

KYSOR, KRAGG P., S5P/4, Clinical Psychology Speciahst/Research (915.14) AB, Boston
University, 1960 Tests and measurement,

C. 2IPLiIOGRAPH PUB TIONS SINCE

(1) In-house Studies:

Bowers, M.B., Sim, VM., and Goodman, E. Some behavioral ch in man foll
anticholi ase inistration, Paper read at the Federatxon Meetmgs, Atlantic Cxty.
April 1962,

Craig, F.N,, Cummungs, E.G., and Bales, P.D, Contribution of the E33 hood to heat stress in
mesn wearing CBR protective clothing. USACRDL Technical Report No. 3101, December
1961,
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Cummangs, E.G., Marrero J., and Bard, £. Seventy-two hour outdoor wearing trial of in-
divadual CBR protective clothing with Mis mask and E332 hoou under simulated combat
conditions. USACROL Technical Report No. 3097, September 1961,

Jackson, S.E. and Clovis, E.R. Human factors evaluation of Mask, Antaflash, Rock Launcher,
M19 (amproved). USACRDL Technical Memorandum No 25-6, April 1962

Ketznum, J.S. The future threat of psychochemical warfare (U). Paper read at NATO Meet-
ings, Pams, June 1962,

Ketchum, J.S. and Goodman, E. Human responses toe four anticholinergic delirients (U).
Paper read at Army Science Conference, West Point, June 1962,

(2) Other

Coe, G.B,, Craig, F.N,, and Phillips, C.R, Field experiment, estimation of casuaity effects
due to surprise chemical attack and sigmficance cf protective mask leakage (U). Short
tatle.  PROJECT SAMPLES, Combat Development Project Report CMLCD 62731, USA
CBR Combat Developments Agency, Ft. McClellan, Alabama, June 1962 (Confidential).

Semi-Annual Progress Report covering the period 2 October 1961 to 2 April 1962, Contract
DA18.108-CML.6644, ‘‘Aircrew performance dzcrement resulting from ingestion of a
selected incapacatating agent”” (U). North American Aviation, Inc., Downey, Cahforna,
April 1962,




2. U.S. ARMY ENGINEER, GEODESY, INTELLIGENCE, AND MAPPING RESEARCH AND
DEVELOPMENT AGENCY, FORT BELVOIR, VIRGINIA

A. CURRENT WORK PROGRAM

1. Equipment Evaluation

Date Estimated
Title Experimenter(s) Started Completion

a, Automatic Mosaicker

A. Anson March 60 August 62

Components have been delivered and accepted. Asthe result of studies in the Engineer-
g Test phase, the size and design of the operating knobs have been changed. Tesis of room
illumaration have led to a maximum safe-light i1llumination without affecting photographic
processes, Operator selection of filmimageshasbeensolved by the invention of a collimating
mark reflector on the position:ng printer. The fumes of an alcohol and ammonia mixture used
in an integral procedure were removed with the installation of an exhaust hose with an
exterior exhaust fan  Machine mounted instruction cards printed in white on red were

changed to white on black for easier reading, The floor height of the easel frame was raised
to 23 1/2 inches for operator comfort,

2, Supporting Research' None

B, BIBLIOGRAPHY OF PUBLICATIONS SINCE PREVIOUS ANNUAL CONFERENCE (Not
Previously Reported)

None

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

None




U.S. ABMY ENGINEER RESEARCH AND DEVELOPMENT LABORATORIES, FORT
BELVOIR, VIRGINIA

CURRENT WORK PROGRAM

1. Equipment Evaluation

Date Estimated
23_12 Experimenter(s) Started Completion

a  Mebile, Floatin, J.F. Christian Apral 62 May 62
Assualt Bmdge/g
Ferry

A buman factors review was made nearthe end of the engineexring design stage and recom-
mendations submatted fo deration,

b, 15,000 BTU J.F. Christian Mazsch 62 March 62
Heater

A human factors review was rmade ofthe prototype heater. The front panel was redesigned
to permit safer operation.

¢ Armored Vehicle J.F. Christian June 61 June 62
Launched Bridge/Mé60

A configuration design of the crew compartment to satisfy human factors and engineering
requirements was created for consideration in any future major design of the AVLB/M60.

d. Long Range Survey J.F, Christian June 62 June 62
System, GIMRADA

At the request of GIMRADA a human factors review was made of the prototype components
and recommendation was made for current and future changes

e. Biaoculars, H.G, Johnson June 58 1965

Working to vision relationships of wearer under conditons of apparent eye point from true
eye poimnt, limutations of depth of focus and stereo vision effects when using might vision
binoculars incorporating image tubes. In addition to visual performance, comfort, weight,
and balance facturs for wearer under prolonged usage under field conditions must be also
considered,

£. (1) Small Starlight R. Uhier 1962 1964
Scope

(2} Unit Commanders H.G, Johnson 1962 1954
Observation Tele-
scope

{3) Night Observation J. Updegraff 1962 1964
Device

{4} Passive Saght for J. Updegraff 1962 1964
Crew Serviced

Weapons ./
Night Vision aids for individual soldier required for observation and sighting of weapons
Visual ‘performance of resolution, brightness, contrast, magnification, field of view, and eye
relief are considered. These devices use image int f1er tubes together with obj ves and
occular lenses to provide direct vision capability at mght, Viewers must be operated under

arctic d as well as, p e and tropical.

g. Image intensifier for J. Parton 1962 1967
Hehicopter Naght
Operators
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Night vision aid for aelicopier mght operation mcludmg pilot operation and observer
viewing. Presentation must be such that pilot can use night vis,on presentation, sce his
mnstruments, and use unaided vision where possible. Visual presentation must present
magmfied view for distant objects but maintain perspective of height and orientation. Both
direct view and remote view nmight vision systems are being studied.

h. Sound Reduction in T.D, Cooper 3 June 61 Imt1al Phase
High-Speed Prume Comp.
Movers and Elect. cal
Machinery

The sound pressare levels being encountered in modern high speed prime movers and
electrical machinery exceed damage risk criterion for human ear. This study covered an
investigation to establish criterion for a 4-hour operating cycle and design of sound reduction
system in the Primary .Jower Station for the Pershing Missile,

1 Umversal .agincer W.H. Leathers June 60 1964
Tractor {Crawler)

A full scale mock-up of the armored cab and controls cf the tractor was constructed, a
study was made of control placement and operation, adequacy of space, and vision. Changes
were made 10 vehicle design based on this study prior to fabrication of the vehicle,

3. Load Bank Generator T.W. Smith June 60 June 63
Alternator Tester

A human factors study was made on the engineering prototype mcdel, Re-arrangement of
controls, circuitry and meters resulted in increased operator safety and ease of operation.

k. Crane, Rough, J.K. Knaell Jan 60 Jul 62
Terrain 20-Ton

The crane was modified to enhance safety and provide for ease of dasly lubrication. Larger
cab and access doors were provided to improve case of maintenance on upper works, Pres-
ently machme 1s being service tested which includes evaluation of above described modifi-
cations,

1. Universal Engineer S.F. Williams Nov 60 Hov 63
Tractor (Rubber-Tired}

Modifications were made in the eq t d with ¢ dations made
during ease of maintenance review. Changes are bemg made to the operators compariment
to increase comfort during cold weather operation, Additional changes to the atera will be
made as a result of human factors eng g studies to be ducted during service tests.

m, 25-Ton Engineer H.B. Bennett 1957 1964
Equipment Transporter

A contract has been awarded for a new gooseneck to make the 25-ton Equipment Trans-

porter compatible with the new 830M Czterpallar Tractor. Hi Factors deration have
dictated several changes which will be incorporated inthe new gooseneck. Hydrauhic cylinder
with whach to p the g k when detached from the transporter will be provxded
All controls for raising, lowermg. and g the g k during ting and dis-
connecting operations will be relocated so that the operator can see¢ the gooseneck and the
poial of separation of the g k from the t porter.

n Metascope A.E, Dilliard Jan 62 Dec 62

A couphing of the functional design approach of vaiuc analysir and the raan-machine con-
cept of human factors was made in aneffort to reduce cost, complexxty 2and mamnteaance time,
and to increase operational eff. Y 1o the end-use envir t. Design crnange recom-
mendalions are being formulated,

o. Ion Exhange Unit Richard Gainey 1 Jul 62 30 Jan 64

Evaluate instrument locations, working areas, and bazardons chemical requirement from
human factors standpoint,
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p. Foam Generator 750 J.Malcolm 21 Jun 62 30 Jun 63
U.S., gpm cap. hqud {moditication
throughout, gasoline contract date}

engine driven, twe
wheel trailer mounted,
300 U.S, gal. foam
liquid storage tank

The foam generator, tratler mounted, 1s 2 functional component of petro!eum fuel depots
as prescr.oed in TM 5-302 “‘Construction in the Theatre of Operations’’ dated October 1958,
capable of being used n mobale or semif.icd contigurations for fuel storage fire protection,
..ngm'-etmg/Servxce tezts are scheduled FY63 to determane trcop aperahonal compa* “ility,
and manpower requirements in the mobile and semifixed confagurations of use. Human factors
are being evaluated also :n terms of opersting controls for the foam generating un:t,

q  Antiveincular Mane H.C. Smath 1960 1961
Item was evaluated from the standpoint of operator convenience, fatigue, and safety, con-
swlering operator position, standing, sitting and walking Also considered were ease of com-
munication with the driver, mght operation, location of personnel and combat gear, and ne-
cessity for recording data,

2, Support Research

Date Estimated
Tatle Experimenter(s) Started Completicn
Anthropometric Survey USAQMRIEC Apr 62 Jun 63
of the Dynamic Dimen-
siwons of the Soldier
User Review of Adolph H, Humphreys Apr 1962 Dec 62
Camouflage for the & Cavad 1. Gee n
Indivadual Combat Supp. U.S.A, Inf, Ba,
Soldier in the Field
Redesign of Engine & D,W. Youmans Jun 62 Dec 62
Battery Enclosure of
Airborne Crane
B, BIBLIOGRAPHY OF PUBLICATIONS SINCE PREVIOUS ANNUAL CONFERENCE,

{Not Previously Reported)

Humphreys, Adolph H. and Gee. David L., Expe‘xmemal Design for User Review of
£1 for the individual Soldier in the Field.’”" Revised 6 April 1962, U.S, Army
Research “and Development Laboratcnes, Fort Belvorr, Virgima.

Hun‘phreys, A&o)ph H. and Gee, Davxu, s *‘Suppl it to E;.yn tal Design for User
of C £l for the ind 1 Soldier inthe Faeld,”’, 15 May 1962, U.S. Army
Research and Developmem Laboratories, Fort Belvoir, Virginia

Christian, John F., ‘‘Ergonomics — Palhiative or Defimitive?"’, Ergonomics, Volume 5,
Number I, Janazr 1962,

Chrastian, John F., ““Human Factors Evaluation of the Crew Compartment of the Armored
eh:cle, La\mched Bridge, M-60"", Unnumbered, December 1961, U.S, Army Ressarch

and D pment Labor: s, Fort Belvoir, Virgima,

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

Nene
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4. U.S, ARMY HUMAN ENGINEERING LABORATORIES, ABERDEEN PROVING GROUND,
MARYLARD AND FORMER ORDNANCE CORF'S ARSENALS

A, CURRENT WORK PROGRAM

1. Srstems Research

The Systems Research Laboratory, with seven (7) b h 1s the 1 tories
agency for the conduct of apphied research st and xhe pplication of human factors
enginesring data to material in the RDT&E cycle. Whereas in the past the Systems Research

Laboratory has been confined in its efforts to Ordnance material, excepting limsted work
for Transportation and Engineer Corps, thas lab y will be P ble in the futur~ for
all materiel developed within Army Materiel Command.

a. Carrier, Cargo, 1/2-ton Mobilaity Br.  Dec 1961  Continuing
Tracked, Articulated XM571

The effort on thxs program 1s to provide consultation to the prime contractor
through Ord Tank d. Dumng FY 62 effort was directed towards
a detailed design review of the dnver s station, the squad area, maintenance, and litter
carrying capability of the carrier. This project will continue through FY 63 wnh the addi-
tional task of supporting recommendations through the g of d P tal and
environmental tests,

b. Carrier, Universal, Four- Mobality Br, Dec 1961 Continuing
Man Cab, XM547-548

During FY 62 project personnel have reviewed contractors mock ups and pxlot
vehiclies.  Reports have been made to OTAC. resulting in modifications in the driver's
i C

station and bility for org: of this prog:
through 63 is depend upon the ptability of the contractors’ overall program.

¢. Armored Sjuad Carrier Mobility Br. Feb 1961  Continuing
Concept

The original work conducted durine FY 6} on the & lish of the to.al b
task requirements provided the basis for the design and development of a fuill scaie mock-
up of the personnel carrier. During FY 62, the mock-up was completed, and detazled
studies on seating, confinement, and stowage were conducted. During FY 63 evaluations of
this mock-up with a full crew will be conducted for various confinement periods and com-
pared with rcsglts obtained from the M-113 confinement studies,

. Date Estimated
[ Project Branch Started Completion

d. Development and Testing of Mobality Br. June 1962 Continming
Seats for Armored Tracked
Vehicles

This prcject was undertaken as a detailed to the 4
in seating for tank personnel which had bLeen revealed in prxor evaluations of such vehicles
as the M48, M60, etc. Two separate areas are under consideration. The {irst1s a new
concept of a seat for the tank commander’s position which will permit the commander to
rapidly and efficiently translate his seat height to date his many £ which
range from commander controi to radio and fire conirol operations. For this purpose a
conce2t has been built and demonstrated to both OTAC and CONARC personnel, Detailed
fabrication of an operational seat umt is underway and will be ms!alled in a M60 tank for
final eviluation, The second area under d zon is the g 1 seat requirements
for dnvers. gunners, and support personnel of self-propeiled ‘howstzers and tanks, The !
basic under deration is the design of scats which will permit adequate support |

and comfort in tanks and for the self-propelled howitzer as an additicnal restraiming device
to permut personnel to safely ride on such vehicl A bly of the bat seats 15 in
progress and final testing will be accomphished during FY 63,

e Truck, Cargo 1~1/4 Tos, Mobality Br.  July 1962 Continuing
XM561
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Date Estimated
Project Branch Started Completion

During FY 62 OTAC personnel drew up the techmcal requirements for a develop-
ment program on the The g Lab ies prime role
during this phase as to d:velop a Manua\ of Standard Practices for Human Factors in
Malvtary Vehicle Design’, TM 21-61, specifically for the purpose of including tais in the
des.gn as part of the package in the request for bids from industrial contractors. In additien,
project personnel were included on the Evaluation Committee for selectiag the final con-
tractor for development of this vehicle. This development program will continue through
FY 65 with the Human Engineering Laboratories providing consultative services to both
OTAC and the prime contractor in addition to continuing studies on an as requeste basis.

f. SHILLELAGH Sub.System Mobilaty Br. Sep 1959 Cortinuing

This 1s a contmumg m-house program Durmg FY 62 the Human Enganeering
Laboratories provided ve itoring and coord g services on the many human
factors aspects of the SHILLELAGH Sub-System. Primary effort was relafed to the devel-

opment of the conceptualized operational procedures of the SHILLELAGH in conjunction
with its integration into the ARVT, During FY 63 emphasis will probably be directed to-
ward looking at the capability of SHILLELAGH to be employed in a ground mount role,
In this instance the gmidance and control p it will be 1y cratical,

g. Ground Effects Machimes— Mobilaty Br. May 1962 Continuing
Axr Cushion Vehicles

In conjunction with the Mobility Command, project personnel are actively engaged
in determuning the coalrol parameters of a Genaric air cushion vehicle. The imtial effort
1s largely confinia to gathering and amalyzing contral information from various sources.
Cased on the analyses, several studies of 'ont:ol zarameters w:u be investigated, using a
simphified GEM, with a v:0w toward the devel of fications and 1n as
great detail »s possible  These specifications will be uged to gmde the development of a
tactical ground effects ma~hine vehicle,

a. A/RVT Artiored Reconnaissance Mobality 8r.  Feb 196  Continuing
Vehicle, Tracked, XM351

During FY 62_project personnel continued to support OTAC and its prime con-
trastor in the solution and app.xcat:o‘a of human factors engineering to the design of the
A/RVT, The mazor FY 62 a ts were (1) sol of the firiag shock problem
evidenced domng tat firing of the jonal by a redesign of the gunner's brow
pad, (2tpreparation of a humun factors design stand . fox incorp on 1n the basiccontract
betwesry OTAC and the prime contracto (3) detalled review of final mock-up and pilot
#1 with specific design and (4) preparaticn of the human factors test
requ ta be ducted within tHe engineering test plan. The work effort for 63 will
be directed toward detailnd evaluation of pilot vemcles and investigations of deficiency of
spotting round techriques for the -on ) pon, mechanical vision probl work-
space allocations, and amrunition handling.

1. SPIW, Special Purpose Infantry Weapons Br. May 1961 Continuing
Wrapon

Dux‘!ng FY 62 a serwes of studies were perf d to luate diffexent SPIW
concep.s and to esteblish relationships bet=ien system parameters such as weignt, centers
of g.avity, impulse and accuracy. Resultant data is being evaluated and wall be sncluded
3% a part of the *echnical vequirements for a dev(lopment program. Work on this project
will continue throwgh the complete davelopment program.

3. 105-mm Howitzer, XM102-104 Weapons Br. Oct 1960  Continwing

During FY 62 detailed consultation has been prov:ded to Ihe developirg agency
in the areas of workspace layout, task analysis, pl nt and ) and a
general fire control problem. Human factors design studies have been comple!ed for the
environmentsl cover for this weapon and its crew and for seat designs with n(ety harness
to permat the efficient transportation of per 1 dics have beer ani d to luate
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Date Estimated
Project Branch Started C )}

the direct fire capability asing a spotting rifle and to evaluate the requirements for hearing
prot:ctmn during firing of the weapon, Evaluation of prototype hardware 1s planned for
FY 63

k Ueavy Assaclt Weapon (TOW) Weapons Br, Nov 1961  Continuing

During FY 62 the Human Engmeering Laboratories were requested to parti-
cipate in 2 program designed to determine the feasibility of the TOW concept, Within
this feasibility program the Human Engineering Laboratories were given responsitlity
for dZeveloping the feasibility of tracking mounts ana establishing those criteria to opti-
mize human tracking for this weapon. The current feasibihity study has been extended
to anclude the operaticnal hazards as well as the operational requirements for the system.

1 HUIB/5S-11 Hehicopter Weapons Br. July 1961 Continuing
Armament

This program was designed to evaluate the gunner’s task with respect to heli-
copter dynamic optical sights and missile controls in order to provide human factors criteria
for optimum mstananon. During FY 62 the primary effort has consisted of the prepara-
tion of test methodology to blish the criterion information without the necessity of
flying hehcopters and expending missiles, In addition, a complete evaluation of the S5-11
operator’s control umits and workspace layouts were performed. This program is extended
to continue through FY 63,

m, 8imm and 4.2 Mor* :s Weapons Br.  Aug 1960  Continuing

During FY 62 the evaluation of the 4.2 Mortar was completed and an onthne of
appilcable human engineering data compiled. This, in conjunction with a mortar portability
study, resulted in r tions which provide substantial impre ements for the 4.2
Mortar. A prelimmnary investigation of the Mortar Platoon has been completed in which
the overall accuracy was recorded during a series of platoon missions, Carrent and £uture
effort will consist of monitoring new material devel luvation of new
with respect to the mihtary characteristics, and the study of fire control equipment and
procedures in a continuing effort to reduce human errors.

n. Medium Assault Weapon Weapons July 1962 Continuing

This is a new project within the Human Engmeerxrg Laboratories and 1s pra-
marily concerned with evaluating concepts to 4 the bility for

of 2 new Medium Assault Weapcn, The Human Engineering Laboratories responsxbxh!xes
are to provide the human factors criteria in the areas of accuracy, firing hazards, and
operational compatibility for the MAW System.

o, Limited Warfare Weapons July 1962 Continuing

The purpose of this task within the Human Engineerang Laboratories 1s to develop
realistic human factors criteria to use as a base for design and evaluation of limited war-
fare materiel. The orentation of this project is to establish categories of human factors
criteraa, particularly to limited warfare operations. This background will be the founda-
tion for the application of human engireering to the concept, design, and evaluation of

and t being designed for limited war usage.

p- Mauler Missile Br, May 1960 Continuing

The FY 63 program for human factors engineering of th. auler System will
be a continuation of the work performed during FY 61, During FY 61 the program was
primanly oriented towards )} s and deflning the 1 human factors problem
areas which required detailed design solutions, Durmg FY 63 project personnel will moni-
tor the oparational and acoustic tests to be conducted at Aberdeen Proving Ground.

q. NIKE ZEUS Missile By, Sept 1961  Ceontinuing

Durmng FY 62 project personnel performed 2 human factors avaluation of the
near tactical components of the Zeus system to determane those areas of human factors

272




Date Estimated
Project Branch Started Completion

deficiencies wh.ch require solution prior to release for final production. A report on the
imitial phase has been prepared and distributed to AOMC. The second phase to be con-
ducted in FY 63 will be a more detaiied evaluation of the as vet non-tactical componentt
to nsure that theiwr des'z: will be compatible with the currently existing tactical equip-
ment.

r. Pershing Mjssiie Br, Oct 1958  Contimun,

During FY 62 the Human Engineering Laboratories have continued to s nport
the Pershing R&D Office 18 adaition to starting on 2 human factors program for the Indus-
trial Divasion, This phase shifting between R&D and Industrial will insure the continuity
of human factors des:gns throughout production of the system. The industrial program con-
sists of detailed review of Pershing Memoranda to insure consistency with previous R&D
designs and decisions. The primary FY 62 Pershing R&D effort was directed toward
finalization of count-down procedures, noise hazards evaluation, communication require~
ments, and establishment of human factors test requirements for the final weapon system
test program.

8, Missile B Massile Br. Sept 1962 Continuing

This project 13 scheduled to begin during the first quarter of FY 63. Consulta-
tion has been continuing with Missile B project personnel as an attempt to specify the
detaxled human factors requirements in support of the M:issile B program,

t. NIKE-HERCULES Missile Br, Dec 1961  Continuing

During the third quarter FY 62, Hi Engi ing Lab 1es provided con-
sultation services to AOMC angd their cxvxhan prime contractors on the human factors prob-
lems which required solution for the developmem of the ATBM missile. Consultation
sexvices wall be continued through FY 63 on an “‘as required”’ basis,

u. SERGEANT Massile Br, Jan 1958  Contanuing

During FY 62 studies were conducted to determine estimates of computer opera-
tion rehability, in terms of freedom from human error, and spee~h intelligibility levels
which can be expected during tactical operation of the SERGEANT firing set, Recommen-
dations were made on the basis of an analysis of the data which could sigmficantly and
practically improve the operator's performance. The e)dreme temperature tests of the
SERGEAN1 at Eghn AFB chmatic chamber were itored and studies of the cratical
sub-systems were made to determine wheth extreme weather di including wind
and rain, could be expected to induce a decrement in the physical or mental perlormance
level of the crew.

v. ML-1 and ML-1A Mobile Low Missile Br, Sept 1961  Continuing
Reactor Prototype

During FY 62 project personnel conducted a detailed evaluation of the ML.1
control cab to determane 1tv sperability and effectiveness as the central control for plant
functioning. A control cab mock-u> was fabricated to aid in the investigation, A repozt

contaimng all of the defici i and r dations of this phase was published as
TM 8-62. The FY 63 effort will be directed toward (1) establishing a r ded design
for a ML-1A control cab and, (2} investigating the power conversion skid to evaluate the
equurcnt and tasks ted with the t and preparing the skid for
operahon. This work is being done for the U, S, Army Corps of Engineers.
v, Mobile High Power Reactor Missile Br, July 1962 Continuing
MH1A
The Corps of Eng: s have req d the Human Engineering Laboratories to

undertake a human factors ecvaluation of the Mobile High Power Reactor, MHIA, Project
oersonnel will evaluate the general MHIA plant design, operations, and equipment, It:s

i d that a k-up of the proposed control le wili be fabricated to proviie for
incorporating ard illustrating recommendations for the most efficient human factors engi-
neering design,
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2. Supporting Research

The Supporting Research Laboratory conducts basic and applied human factors
research, This research 1s oriented to define and capuahze on the capabihities and limita-
tions of Army equipment operators under a wide variety of operational and environmental
condatiors.

Three branches, Fire Control, Applied Psychophysiology, and Environmental,
conduct a program of investigation which includes the following current tasks:

Date Estimated
Project Branch Started Completion

a. Army Aircraft Armament Fire Control Br. Jan 1961 Continuing

This task 18 to establish baselines for {i} probabiiity of detection of military
ground targets, (2) the types of ground targets most likely to be detected, (3) the accuracy
with which the slant range to such targets may be estimated and (4) evaluating mechamecal
optical, or electronic aids for both ground target detection and range estsmation, To in-
vestigate the problems of nap-of-the-earth navigation and aircraft vulnerability, One
ground target detection study and one range estimation study have been completed and the
results published. It 1s ant ted that most effost will be concentrated this fiscal year on
problems of low level navxgatxon and aircraft vulnerability.

b. Aerial Television Fire Control Br. March 1961 Continuing
Sensor and Remote Momtor

ble dienl

This task was initiated to determme operator himitati and acc
degredations for detection, tion and g course tracking of ground targets ty
way of a remote display from an aerial television camera, One prlot study of percep!ual
acuity has been ducted and a } ¢ survey and review of simular investigations
have been completed,

c. Television Use in Remote Fire Controt Br. July 1962 Continuing
Ground Vehicle Control

The fpurpose of ths task 1s to deterrune the ability of a man to (1) remotely
maneuver a vehicle over various types of terrain using televasion as his visual contact

and (2} 1dentafy various target types while under way. While awaiting maneuverable wheeled

vehicles adaption, studies of range from st: ry televasion cameras are
currently bemng conducted and the effects of camera speed on target detection will be in-
vestigated utihizing a television camera mounted on a remoiciy controlled railroac cart.

d  Telescopic Rifle Sight Fire Control Br. Aprni 1962 Continuing
Magmification
The effects of sight magmfication from 2 5x to 8x will be evaluated under con-
ditions of normal and stress txme intervals. A pilot study using Army riflemen of ““Marks-
man, Snarpshooter and Expert” classification has been d d for magnif. of
2.5x, 4x, 6x and 8x under both siress conditions.

App. Psy. June 1959 Continuing

This task s being conducted as a multi-phase in-house research program, Curxent
emchasis 15 on the effects of feedback upon momtoring performance It has been demon-
stroled that feedback (knowledge of results) can eliminate performance decrement. Feedback
m the form of mild electric shoc‘( was found to be no more effective than auditory feedback
in the imtal 1ng dies during FY 1963 will be concern-d with the poss.bie
diffexential transfer eﬂects of p hing and non-p hing feedb

f. Design of a Picture Language  App. Psy. July 1961 Thru FY 64
To Identify Vehcle Controls

This task was imtiated to dovelop a non-verbal system of labelling wheeled
vehicle controls, enabling foreign personnel (e.g., of the NATO group) to operate equip-
ment with 3 minimum of trammng. A tentative set of picture symbols has been constructed,
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and 1s now being evaluated. Effort during FY 63 will be directed at final evaluations and
extensions of the symbol aet to all dials, meters, guages and warmng hights.

g. Pnysical Force Problems App. Psy. Aug 1962 Continuing

The purpose of this grogram 18 to determane the energy cost of selected physical
tasks and e effects of such energy cost upon the fulfsllment of primary and secondary
Job requirements. This will include studies of rotary work and load carrymng. With respect
to rotary work, such variable as torque, handcrank d and pl t of cronks
will pe investigated. The load carrying capability studies wall emphasize the design features
of containers.

h. Check-Reading Displays App, Psy, June 1962 Nov 1962

The efficiency ot various check reading displays will be evaluated under condi-
tions of (1) brief exposure and (2) prolonged monitoring.

1. Auditory Locahization of App. Psy. July 1962 Continming
Combat Sounds

The purpose of this program is to determine those characteristics of selected
battlefield sounds that contribute to auditery localization, A comparison of battlefield
sound local 10on and localization of pure tones will be made. Testing wall be performed
with and without combat headgear. The data will be used for two purposes: (1) as an aid
to the devel of techmq; i object identification and (2) as an 2a1d to the design of
weapons with minimal or maximal sound “‘signatures’’.

). Optical Magnification Loss App. Psy, Sept 1961  Nov 1962
of Perceived Depth

The purpose of this study 1s to quantify the reduction of perceived depth under
conditions of optical magmfication., A varipower telescope has been fabricated to speci-

frications. Data ob d will provide infor 10on rel t to the use of optics for ranging
purposes.

k. Headlight Placement on App. Psy. June 1962 Oct 1962
Track-Laying Vehicles

The task was initiated to e e the feasibility of g headligits tc the
sides or aft of the driver. Two phases of work are involved. First, criteria for headlight
evaluation will be lected, or, if lable in the literature, developed. Second, these

criterza will be used to evalu'ate the feasmibility cof several proposed mounting locations.

1. Dctaection of Figures in App, Psy. Sept 1961  June 1963
Whiteout Conditions

The purpose 1s to explore the perceptual consequences of a uniform visual field
{ganzfeld) under controlled laboratory conditions. The umform field occurs in the arctic
and occasionally to pilots. In both cases severe visual deficiencies result, such as myopia
and loss of depth. The stud will include investig of the cffects of colored fields
and intermittent lighting upon the detection € figures in the ganzfeld,

™. Uperation SWAMP FOX I Env, Br. Aug 1962 Durning FY 63

The purpose of this program 1s to obtain quantitative data on the effects of a
tropical environment upon men operating mil Yy equip The prog; has four (4)
major objectives 1) measurement of heat stress experienced by men performing regular
mulitary duties, 1.e., operating vehicles of interest to the Army; (2) measurement of total
thermal balance of men in selected tropical environmental situations, (3) assessment of the
effects of a hot weter muent upun vie performance of men confined to track-laying vehicles
for prolonged time periods, (4) a human factors survey of selected vehicles of interest to
the Army with emphasis on tropical employment, These data will be obtamed during Opera-
tion SWAMP FOX II in Panama during the summer-fall of 1962,
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- n Effects of Noise Exposure on  Env. Br. Aug 1955  Continuing
Auditory Acwity in the Rhesus
Monley
The eventual goal of this program 1s to provide data dcd for the devel it

of human damage-risk criteria for impulse noise exposure. The curreat effort mcludes

the establishment of quantitative relations between auditory threshold shifts and selected
- noise parameters, using the Rhesus monkey as the experimental subject. Among the noise

parameters being investigated are sound pressure level, number of impulses, and imnulse
™ rate/umt time. A rehable and efficient thod for ob drograms for the Rnesus
monkey has been developed, A group of amimals 1s being trained and will be tested during
FY 63.

o. Effect of Extreme Tempera- Env. Br. July 1962 July 1963
ture Upon Performance

The purpose of this program 1s to evaluate the effects of thermal gain or loss
upon bat eff y. An ve hterature survey is being conducted into the areas
of {1) the effects of temperature extremes and (2) the criteria of human performance reie-
vant to combat performance. Based upon the data obtained, studies of efficiency will be

(] carried out under high and/or low temperatures.
p Evaluation of a Develop- Env. Br April 1962 Late FY 1964
mental Armored Squad
Carrier

This task has been divided into two phases (1) development of an interior layout
for future armored personnel carriers, based upon avaiiable dimensions for such future
vehicles: (2) Empirical comparison of the proposed interior with existing vehicles with
respect to such factors as loading and unloading time, ingress and egress time, and eix‘ec!s
of prolonged confinement upon crew perfor . The dings of the HEL program “In-
dividual Capabilities and Laimtations of Personnel Operatmg in Armored Vehicles’ {(FY
61-62) were apphiedtothedesignof the proposed interior layout, and a static mock-up has been
bualt Evaluations of the design will contanue throughout FY 63 and 64.

q. Small Arms Effectiveness Env. Br, Oct 1962  Contmuing
{from a Mobile Firing
Platform

This 15 an outgrowth of HEL task ““Evaluation of a Developmental Armored
Squad Carrier’’. The purpose of this task is to evaluate the ability of individual riflement to
acquire and hit targets while firing from a mowving platform, e.g., while riding in a squad
carrier, The effects of terrain, speed of vehicle, and firing position upon nifle accuracy wall
be investigated, In addition, accuracy will be evaluated as a function of selected weapon
characteristics.

r. Exploratory Study: Wpns, Br. July 1962  Conlinuing
“‘Psychweap”’

This 1¢ a new task in which research was imtiated in July 1962 This is a clas-
safied project.

PICa F1lvivY ARSENAL, DOVER, NEW JERSEY

L. Project Development

a, Currently active projects and experimenters are

(1) Nike Zeus Missile System: M, H, Weasner
J. Kostakis

{2) Pershing Missile System: J. Kostakis

(3) Sergeant Missile System M., H, Weasner

(4} Missile B: G. R. DeTogm
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(5) Projectile, atomic, 155mm: J. Kostalus
(6) Engineer Nuclear Demolition G. R. DeTogm
(7) Line Charge Design J. Kostakis

b, Human Factors Specialists are working members of “‘design teams’’ throughout

all phases of

materiel research and development carried out by Picatinny Arsenal., Analy-

tical and emperical methods results sn detailed Human Factors evaluations and recommen-

dations for
arsas

deration and 1 tation by Project M s, are used 1n the followang

Weapon system analysis

Personnel sub-system analysis

Operating and procedural manual development
Component sub-system analysis

Check out and it requir s
Packaging and handling design

Stockpile to targct sequence analysis
Extreme environmental effects

2. Congultation Activities

A sub:

stantial portion of time 1s devoted to consulting with design personnel on

matters of optimal eqmpment desxgn, psychological, biological or anthropometric data

requir s,

or d ng Factors information. Examples of current projects

1n this area and their scope are:

Experimenters

a, Anti-tank and anti-personnel mines P, S. Strauss

(1)
2)
(3)
(9

b. Pac

(1)
2)

detection factors
identifaication factors
recovery techniques
Arming and safing problems

kaging and Landling problems M, H, Weasner
J. Kostakis

handle and latch design
size, weight, handling characteristics

¢. Tripwire Systems P. S, Strauss

(1)
2)

G. R. DeTogm

force consideration
detection factors

Target acgmstion under flare i1llumination P, S. Strauss

(1)
(2}
3)

G. R. DeTogm

candlepower requirements
camouflage and terrain factors
personnel acquisition capabality

3. Momitoring Actwaties

. A smaﬂ amount of tame 1is also spent in monitoring human factors activities which

are or could b

rel t to Pi ’s research and develcpment mission, Some of

thes: projects are:

a.
b,
(X
d.

Bjonics Research P. S, Strauss
Programmed Instructionai 1 ¢vices M, H. Weasner

TV Target Acquisition P. 5, Strauss
Material Handling Research J. Kostakis
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4. Special Projects

The Concepts and Applications Laboratory of Pncatmny Arsenal 1s conducting an
operations research analysis of the Army's Expl Ord posal (EOD) opera-
tions, including the forecasting of 1965-1970 requirements. Human Factors Specialists
serve the study team as follows.

a. P, S, Strauss Study Coordirator

b. G. R. PeTogm Orgamzation and Mission Analysis
¢ M, H, Weasner Traiming and Testing Analysis

d. J Kostakis Equipment Requirements

FRANKFORD ARSENAL, PHILADELPHIA, PENNSYLVANIA

Date Estimated
Project Branch Started Completion
a. Psychological Warfare J. T. O‘Connor June 1961 Indefinite
Ammunition Program E, J. McGuigan

This project involves the human engineering of a family of weapon systems. Secur-

xty consxdetahons preclude the discussion of the program except in general terms. The

de the evaluation of weapon and ammunition with regard to- (1)

n-hrmm Factars, (2) Anthropometrics, (3) Maintenance, (4) Safety, and (5) Overall weapon
capabihity.

b, Tank Tracking A, C. Karr Nov 1957  Continuous

The electronic tank-tracking system is used in tion with k-ups of new
anti-tank weapon systems to obtain human engineering data to be used as design crateria.
it may also be used in with track bl other than those directly con-
nected with tanks., Experiments to study control parameters for the Heavy Arti-tank Wea-
pon System - XM-89 have been completed using thas i Other d dealing with
general control design problems will be conducted in the future.

c. Fire Control Consultation Staff Sep 1959 Continuous
Services

Separate funds have been set aside by the Fire Control Division for human engi-
neering consultation services that will not require more than 2 man wecks of effort. Where
more effort 1s required, a separate project is to be set up for it. These funds permat pro-
ject engineers to request the Human Factors Engineering Branch to look into their projects
and determine how much human engincering is requred, outhine a complete program to be
followed, and provide t. in obtaining human g data through literature
searcne3 and experimentation.

d. Main Battle Tank A, C. Karr Tune 1960 June 1963

The purpose of this project is to provide Luman engineering services for the fire
control of the Main Battle Tank. The work of the Human Factors Engineering Branch s
concerned primarily with momitoring contractor efforts and coordinating the work of the
Humea Engineering Laboratories, Frankford Arsenal, and the contractors. Certain prob-
“erns in the use of television will also be investigated,

e. Electro-Visual Equipment, R, F. Kelly June 1958 June 1962

This system offers the possibility of night-time operations through the use of electro-
visaal equpment. Problems requiring human engneenng attention concern surveillance,
target uetection, weapor laying, control-di tion links, and so
forth,

At a later stage both static and dynamic field tests under comtat-like conditions
will be conducted,
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WATERVLIET ARSENAL, WATERVLIET, N. Y,

a. 105mm Paivet Chamber Howitzer Concept and Experimental Design

b, 155mm Pivot Chamber Howitzer Concept for XM62 Weapon System

¢ Muzzle Blast Studies on 105mm Howitzer XM103, 155mm Howatzer T255 Series,
and 155mm Howatzer T258 Series

d. 81mm Mortar XM9%93 Concept

e, 107mm Mortar XM95 Concept

£, 4 2 Mortar T201, Portability and Mount Studies

g. 4.2 Mortar M30, Portabxhzy and Target Acquisition Studies

h, British 8lmm Mortar L1Al Comparison with American Standard M29

1. Blast and Noise Studies, Bore Evacuation Studies, and Control Panel Design on
152mm Gun Launcher XM81 for Shillelagh Weapon System

3. Rapid Fire Weapon Concept

k. Field Evalaation of Vigilante Weapon System

U. S. ARMY MISSILE COMMAND, REDSTONE ARSENAL, ALABAMA

Contractor

a. Advanced Visual Information Display (AVID) MeDonnell
HEL

A human factors evaluation of the AVID techmique was conducted. Considerations
investigated with regard to this anti-aircraft defense system display study were effect
of display hardware on decision time reduction, eftect of d:splay simolification on deci-
sion making, comparison of alph 1c and symb displays, integr. ‘on of geographic
information on operational displays and its effect on the eqmpmem operator. Among para-
mete~s experimentally mvesngated were* the influence of the number of tracks displayed,

i of data pr igi content, and the effect of color on predicted
situation display. This effort has been concluded with preparation of a final report.

b. DX-43, DX-44 Simulators Nord-Awviation

A brief human factors evlavation of the DX-43 and DX-44 (wire gmided missile}) simu-
lators was conducted. Critical aspects of these simulators, assessed in classroom and
field environments, were such derations as per! of task practice, miss measure-
ment technmique., utali sn job envir t, ease of utilization, economy of use, equip-
ment layout, and operating and instruction procedures,

Contractor
¢. MAULER Convair

Amo g completed and current experimentation efforts designed to provide operator-
associated information for the design of the MAULER System are: video displays studies,
assessment of vibration effect on operator functions, habilitability and noise evaluations,
and data pick-off device studies, Future human factors studies will investigate saturation
level of the operator, seating, on vehicl t le proposed for fare unit, capa-
bility of operator to handle air defense problem 1n face of each type of predicted ECM,
sector control capabiiities of the human operator, lighting, and operator performance under

all! environmental and situation variables on which MAULER operation is predicted. Prepa-
.%o of Task and Skill Analysis is an process,

4. MISSILE B {AOMC)

A brief technical and t plan has been prepared to assure the inclusion
of human factors eng ing 1n the develop t of the MISSILE B Weapon System from
the zarliest point in the program. Overall human eng ng 1 requir ts,
wdertification of critical areas, and delineation of features already planned to reduce or
eliminate potential operational difficulties experienced in previous systems, formed the
techrical human engineering overview. Plans for coordination, evaluation, and design
assistance activities were established; human eng 1ng design criteria were selected.

219




Date Estimated

Project Branch Started Compietion
Contractor
e. Multisystem Test Equipment RCaA

Human factors engineering analyses, providing data for human engineering applica-
tion during eqmpment design phases, were performed. Such design application data as opera-
tion envir perform , system profiles, functions analyses, sequence analyses,
etc., were provided. Design inputs, based cn these analyses and on system human engineer-
mng criteria, have been integrated into prel: y designs of , panelware, renair
equipment, procedures, and uiher areas where the human operator will be a critical factor
in the efficiency of electromc, hydraulic/pneumatic, and repair umt operation. Human
engineering design criteria were prepared and supplementary criteria were seiected for
MTE human factors engineering design application.

f. NIKE HERCULES ATBM BTL
HEL

Current human engineering activaties include panel layout studies, control and in-

\? eval and t of human engineering aspects mvolved in transition

from a permanent to mobile system operation,

g NIKE ZEUS BTL
DAC
HEL

Continui huma g ecfforts have been applied by the contractor, during
R&D, to the desxgn ol NIKE ZEUS equpment, particularly in radar, computer, and other
growrd equipment areas. The current reporting period has seen the imtiation of an intense
human engineering evaluation performed by HEL for AOMC, To date, the following areas

have been exposed to human eng;: ng t- ZEUS Def Center including acqui-
sition radar er and r ,  and power p!ant' P quip t includ
operatxon and it bient envir luding noise, i
and d devel t of ial pon and adap kit; and system consistency. A

human engineeringz evaluation of the missile 1tse)lf has been initiated, Other areas to be
studied from the human engineering standpmnt are ground gwidance equipment, missile
assembly procedure, and h procedures, A human engineering
assessmert of equipment, its operatxonand ts proceduralaspects wall take place at Kwajelein,

h, PERSHING Martin.Ortando
HEL

Representative PERSHING Human Engineering studies conducted during this report-
ing period, in addmon to major human factors efforts in design prep of d

tion, specification r etc,, were as follows. Evaluation of crane loading
techniques and operating txme, evaluation of warhead assembly stand and contamer, assesa-
ment of containers, missile arr vanes, warhead davit, Erector-1 and

and Communications Central during road testing, Erector-1 her cr rt
ability studies, evaluation of Power Station and Power Statxon Equsvalent mcludmg Au- Cycle
Equipment acoustical tests and ts of & d Power S near field

noise, FMTX cable storage study; physiological and psychological measurements during
high-low temperature tests, blackout operations study (p:lot study), studies of human engineer-
ing aspects of three azimuth laying systems; Noise measurements of Systems Test Station
and Coraponents Test Station, ground networks color ceding study, evaluation of simphcity,
compk Tencss, pr dural logic, handbook and skill requirements for malfunction 1solation in
.o Frogrammer-Test Station, Systems Test Station and Components Test Station,

1. SERGEANT Sperry-Utah
HEL

Dumng the current reporting period, the SERGEANT Weapon System’s data input
provisiors were experimentally evaluated, This study was designed ana conducted to as-
certain the degree of reliability, in terms of freedom from operator error, that can be
expected during the imtial data insertion by the Firing Set operator. Also performed was
a human sngineering evaluation of SERGEANT Weapon System: operational aspects when
subjected to extreme temperatures in the Eglin AFB Climatic Laboratories.
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). SHILLELAGH Missile Subsystem Aecronutronics
HEL

A preliminary study on gunner tramning and tracking abihity was completed. Assess-
ment of possible glare and retinal effects of missile tracking flare observation was per-
formned. Noise measurements were taken and are being evaluated.

k. ADVANCED PROJECTS {AOMC)

- Human Factors Engineering devel t and g it plans have been prepared
for advanced projects. These studies outline critical human ,’ 1ng areas to
priority, selection of design criteria, management plan for coord on and design t
ance, and inclusion of positive engineering features of current systems into proposed sys-
tems. Other activities in the advanced projects area (such as FABMDS) consisted of pro-
posal and feasibility evaluations from the human eng ing R ch projects
r g human 1ng inputs or researchprojects pertammgto human factors research
are tyyxhed by Out-of-Line- oi-nght studies and the Effccts of Stress on Performance studies
which are currently being imitiated.

U. S. ARMY TANK-AUTOMOTIVE CENTER, DETROIT, MICHIGAN

a. Human Engineering Studies on M60E1 Tank, Resp ble Ag Aberd Proving
Greund, HEL and Chrysler Mopar.
b. Human Engmcermg. Studies on the XM571, Acticulated Vehicle, Cargo Carrier.

ibl d Proving Ground, HEL and Canadair Limited.

<. Human Engmeenng Studies on AR/AAV, Responsible Agencies: Aberdeen Proving
Ground, HEL and COTP (Cleveland),

d. Human Engincering support for XM561, 1-1/4 Ton truck serics. Responsible Agency:
Aberdeen Proving Ground, HEL,

R

ROCK ISLAND ARSENAL, ROCK ISLAND, ILLINOIS

a. Human engineering of Auxihary Propelled 155mm Howitzer Carriage, XMI23,
Howitzer, Light Towed.
b, 105mm XM102 and 115mm Boosted Rocket Launcher, XM70.

ORDNANCE WEAPONS COMMAND, ROCK ISLAND, ILLINOIS
2, Liowatzer, 105mm Towed, XM102

b Launcher, 115mm, XM70
. Sp 1 Purpose Indivadual Weapon (SPIW)

Studies associated with the above-huted pro;e::ts have been made by in-house personnel,
contractors, and the Human Engineering 1 y. The C d function 18 to momtor
and coordinate the studies, to review techmical reports, and to assist the member arsenals
in their Human Factors Program.
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Enginesring Laboratories Tech Memo 19-61, Sep 61. (Unclassif.ed)

Snyder, H., L., Oatman, L. C, and Wallach, H. D. An Investigation Comparing the Relative
Effects of Two Modes of Gun Turret Operation on Tracking Performance - Study II.
Aberdeen Proving Ground, Md,, Human Engineering laboratories Tech Memo 5-62.
Apr 62. (Unclassified)

Strauss, P. S, and DeTogni, G. R, Personnel Target Acqusition Under Flare Illumination,
(Paper presented at National Research Council C Search Symposium, 17 Apr
62, San Diego, California). Picatinny Arsenal Techmical Report {In Press). (Unclassified)

Strauss, P. 5. and DeTogn:, G. R. Limb Sensativaity to Wire Barrnier. Perceptual and Motor
Skili~. {In Press) (Unclassified)

Romba, J. J., Martin, P. The Propagationof Air Shock Waves on Biorhysical Model, A. I en

Proving Ground, Md., H Eng g Lab tes Tech Memo 17-61. Sep €1,
{Unclassified}
Wallach, H, C., Klemn, H. The Effects of Increasing Magnification on M lar Depth

Perception.  Aberdeen Proving Ground, Md., Human Engineering Laboratories Tech
Wote 1-62. Jan 62, (Unclassified)

weasner, M, M. An Experimental Investigaticn of the Detectability of Anti-Tank Munes.
Picatinay Arssnal Technical Report. (In Press) {(Unclass»fied)

Weasner, M. H. and Mydosh, J. Human Engineering Evaluations of Plastic Handles for
Ammunition Boxes., Picatinny Arsenal Technical Note FRL-TN-111, May 1962, (Un-
claasafi=d)

Weiss, R, M. A Haman Faclors Engineer.ng Evaluation of the PERSHING Weapon System:
Communicatons Pack (AN/TRC-80). Abesdeen Proving Grouwd, Md, Human Engineer-
ing Latoratories Tech Memo 6-61, OMS Code 5210,12.12700.00 (AO#iC). (Unclassified)
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Wokoun, F, W, Subjective Reports from Subjects in an Aircraft Detection Study: A Ques-
tionnaire Analysis. Aberdeen Proving Ground, Md., Human Zngineering Laboratories
Tech Memo 22.62. (In Press) (Unclassified)

Army Ordnance Missile Command Weapon Systems Human Factors Engineering Design
Crite~1a, Army Ord Missale C i, Redstone Arscual, Ala., STD-434, 1 Oct
61. (Unclassified)

Army Ord M le C d M. bility Design Factors, Army Ordnance Missile
Command, Redstone Arsenal, Ala., 1 Jun 61. (Unclassified)

Suvrface-to-Air Weapons Branch, Systems Research Laboratory, A Human Factore Engi-
neering Evaluation of the NIKE ZEUS Massile System. Aberdeen Proving Ground, Md.,
Human Engineering Laboratories Tech Memo 19-62. June 62. {Unclassified)

Published Report. H Factors Consid ons, AR/AAV System XMS551, by C, B. Lee,
Conference Minutes, Phase II B, Mock-up Review, Cleveland Ordnance Tank Plant,
14 Dec 61, pgs 49-55 (Confidentsal).

Published Report. Main Battle Tank Components and Concept Review, 20-21 March 1962,
R&E Directorate, OTAC. Sustainability, Human Engineering Considerations, C. B.
Lee, pgs 1-10.

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

AHEARN, R. E., Mechanical Eng Assist: BSIE, Y g Univ., 1962. (APG)
AYAZIDES, G,, Electrical Engineer Assistant, BSEE, Umv. of Connecticut, 1960. (APG)

BLACKMER, R. F., Electronics Engineer (Instrumentation), BS, Umv. of Massachusetts,
1954. (APG)

BLESSIN, F. K., Mechanical Engineer, BSME, Jowa State, 1947. (R1A)

BLUMER, J., Physicist, BS, 1958, (RIA)

BR(()WN, G. L., Capt, Research and Development Coordinator, BA, Mercer Univ, 1956.
APG)

CHAIKIN, G., Coordinator, (Human Factors Engr.)" BSME, Purdue Univ,, 1956. (ABMA]}
CHAILLET, R. F., Research Psychologist, BA, Univ. of Miams, 1954. (ARGMA;
CHESNOV, G. F., Ofc. for Safety & Rehability, OSWAC, (PA)

CORONA, B., Engincering Lesign Technician (Human Factors), BFA, Philadelphia Museum
Collegate of Art, 1960, (APG)

CONSTANTINO, D, M., Supv. Mechanical Engineer. (WA)
COURTNEY, R. L., Chief, Field Service Branch, Crd Mission, {WSMR)

CRUSE, C., Chief, Engineering Research Laboratory, Maryland Institute School of Mechan-
1wcal Arts, (APG)

VEERING, L. E., Engineer (Human Factors), BS, Umv. of Mame, 1920. (APG)

DELANEY, J. P., Personnel Psychologist Specialist, BA, Northwestern Umversaty, 1960.
(AP G) )

LeTCGNI, G. R., General Engineer (Human Factors), BS, 1951, (PA)

DEWEY, R,, Mechanical Engineer, BS, Un:v. of Florida, 1959, (APG)

DONLEY, R., Engineer (Human Factors), ME, Univ. of Cancirnaty, 1954 (APG)
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. DYER, E. M., Physrcist, BS, Chestnut Hill College, 1961, (APG)

ELLIS, R, L., Méchanical Engineer Assistant, Associate Enpr Degree, Valpariso Institute
of Technulogy, 1958 (APG)

ZRICKSON, J. R., Engineexr (Human Factors), BS, Case Institute of Technology, 1951. (APG)
FACCIDOMO, w S., Personnel Psychologist Specialist, BS, Villanova College, 190l. (APG)
FAIR, P A., Engineer (Human Factors), Certsficate, Pratt Institute, 1926, APG)

FELBINGER, R. J., Rescarch Psychologist (Eng-ueering), BA, Allegheny College, 1460,
15, Iowa State Universaty, 1962. (APG)

- FREYMANN, E., Gencral Ordrance Demign Engineer. (RIA)

FRIED, (., Research Psychologist {Thysiological, Exper:menial and Wigineering), MA,
New Scthool for Social Research, 1953, {(APG)

. (APG
GALLUN, L., Enguncering Techmaar {Ordnance). (F4)
GARINTHER, G. R,, Engineer (Hunan Factors}, BSEE, Gannon College, 1957. (APG}
GATES, H. W,, Pcrsonnel Psycholog:st Specaalist, BA, van Jose State, 1960. (APG}
GLUCKSBERG, S., Capt, Psychologist, PhD, New Yark Unaversity, 1960. (APG)

GRAHAM, D. 1 Jr.. Chief, Human Engineering Branch, CE, Northwesteyn Umv.,, 1937,

|
|
i
}
|
_ GALL, A, W., hecr 1 Engineer As=istant, BSME, NewaYk Colleze of Enginecring,
. 1961
(AMC)

GSCHWIND, R. T., Engineer (Human Factors), BS, Lehigh University, 1956. {APG)

HEDGCOCK, R, E., Capt, Research and Development Coordinator, BA, Wectern Maryland
College, 1956 (APG}

HEIDEL, W., Carniage Design Engineer, BSME, Bradley Univ., 1951, (RIA)
HICKS, S. A,, Research Psychologist (Engineering), BS, Morgan State College, 1956. (APG)
HODGKISS, W., Project Engineer, Certificate, Purdue Umv,, 1960. {APG)

HOLLAND, H. H., Engineer (Human Factors), BSME & BSAE, Vairgima Polytechnic Institute,
1942 (APG)

HORLEY, G. L., Engineexing Design Technician (HumanFactors), BFA, Philadeiphia Museum
Colicge of Art, 1956. (APG)

- HOUFF, C. W., Lt Col, Deputy Director, Human Enginecring Laboratories, Umiv, of Virgima,
Univ, of Maryland (APG}

s H 4 ssistant, BS, Rutgars Umversity, 1960. (APG)

JACUASLN, B., Research Psychologist (Physiological, Experamental and Engineering),
MS, iowa State, 1957. {APG)

- JOHNSON, W, A., Ordnance Pesign Engineer, (RIA)
KAHL, W. B., Physical Science Assistant, Ohio Umversity. (APG)
KARRK, A. C,, Supervisory Psychologast, MA, Lehigh University, 1953, {(FA)

- KARSH, R., Research Psychologist, BA, Brooklyn College, 1957, (APG)
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KATCHMAR, L. T,, Ch:ef, Systems Research Izberatory, PhD, Umversity of Marvland,
1984, (APG)

XEELE, E. J., Physical Scierce Assistant, BA, Iowa State Teachers College, 1960, {APG)
KELLY, R, F., Engineer, BS, Illinoxs State Normal Univ., 1933, (FA)

KINC, D, M., Mechamical Engineer, Georgia Institute of Technology. (APG)

KOSTAKIS, J., Psychologist {(Human Engineering), BA, City College of New York, 1959. (PA)
KRAMER, R, R., Physiaist (General), BA, Wiilliams College, 1956, (APG)

KREUCHER, R. N., Automotive Research & Design Eng , BSME, Lawrence institute of
Technology, 1947. {ATAC)

KURTZ, G. L., Electron:ic Engineer, BSEE, Pennsylvama State Umvers:ty, 1959. (APG}

LAUGHERY, K. R., Ist Lt, Resecarch and Development Coordinator, PhD, Carnegie Tech ,
1961, (APG)

LEA, J. H,, Mechamcal Engincer Assistant, BSIT, San Josc State College, 1961. {(APG)

LEE, C. B., Human Factors Analyst, PhD, Unmiversity of Michigan, 1952, (ATAC)

LE!::\)gé), D, W., Mechamcal Engineer Assastant, BSME, New Bedford Institute of Technology,

LEWIS, J. W., Research Psychologist (Physiological, Experimental and Engineering), MA,
George Washington Umiversity, 1958, (APG)

LINCE, D. L., Electrical Engineer Assistant, BS, Worcester Polytechnic Institute, 1960. (APG)

LIZZA, A. J., Mechanical Engineer, MS, University of Massachusetts, 1958 (Sa)

LORENZEN, T. G., JR., Mechanical Engineer (Ord Wpns Human Engr), BS, Bradley Uni
versity, 1951, (OWC)

MARONE, R. J., Mechanical Eng; Assi BSIE, University of Oklahoma, 1961. {APG)
MARTIN, P., Research Psychologist {Ergineering), MA, Loyola Umversity, 1958. (APG)

MARTIN, W, J., 2d Lt, Research and Development Coordinator, BEE, University of Detroit,
1961, (APG)

MASTAGLIO, G. W., Electrical Engineer Assist BEE, M College, 1958. {APG)
McCAHAN, M, E., lst Lt, Research and Development Coordirator, BS, USMA, 1959. {APG)

McCAIN, C, N,, JR,, R.P.E,, Acting Chief, Supporting Research Laboratory, BS, University
of South Carolina, 1950, {(APG)

McGUIGAN E. J., Psychologist, BA, Temple University, 1950, (FA)

McINTIRE, F. M., Rescarch Psychologist (Physiological, Exper
MA, Terrple Uaversity, 1958. (APG)

and Engineering},

McMURRER, J. E., Jr., Capt, Rescarch and Development Coordinator, MS, Virginia Poly-
technic Institute, 1952. (APG)

MOLEP, C. G, Engineer (Human Factors), BSEE, Davis and Elkins College, 1950. (APG)

NEWCOMB, F., Engineer (Human Factors), Universaty of Maryland. (APG)

NORDAN, E. L., Mechanical E; Assistant, BS, Norwich University. (APG)
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OAKLEY, P, D., Technical Ass’t for Human Factors Engineering, (DOFL),

OATMAN, L. C., Research Psychologist (Engineerng), MA, Umversity of Nebraska, 196
BA, Psychology, 1958 (APG)

O’CONNOR, J T., Psychologist, BS, Umversity of San Francisco, 1961, (FA)

PET1IT, G D., Electrical Eng r (Instr ion), BSEE, North Carolina A & T,
(AFG)

PORTER, W, J., Physical Science Assistant, BS, Duquesne Unmiversity, 1959. (APG)

POTTS, E, O., Mechamical Engineer Assistant, BA, Western State College of Colorado,
1960. (APG)

RANDALL, J. L, Assistant Chief, Engineering Research Laboratory, BS, Jokns Hopkins Uni-
versity, 1938 (AFG)

RANDALL, R. B., Ferscnuel Special:st, BA, Alma College, 1959. (APG)
ROCHA, J. G., Mcchanical Eagineer, BS, New Bedford Institute of Technology, 1952. (SA)

RCGMBA, J, J., Research Psychol {Ph logical, Exper 1 and Engineering), MA,
Umversity of South Dakota, 195:7. (APG)

ROSCOE, A. J. Hli, Physical Sciences Assistant, BS, Carnegie Institute of Technology, 1960.
{AFG)

SAUL, E. V.. Consultant {Human Engineering), PhD, 1951. (PA)

8SOVa, B. L., JR., Engineer (Human Factors), BS, Worcester Polytechn:c Institute, 1955,
(APG)

SPELLMAN, E. A., Engineer (Human Factors), BSME, Indiana Technical College, 1953,
(APG)

STEPHENS, J. A., Assistant Chief, Systems Rescarch Laboratory, BES, Rhode Island School
of Design, 1951, (APG)

STRAUSS, P, S., Supervisory Psychologist, MA, 1957, (PA)
TAYLOR, R. K., Mechanical Engineer Assistant, BS, Geneva College, 1959. (APG)

TORRE, J. P., JR., Research Psychologist (Physiological, Experimental and Engineering),
BA, Adelph College, 21954, (APG)

UPTON, M,, Consultant, PhD, Harvard University, 1928. (APG)

WAUGH, J. D., Mect 1 Eng: Assist BSME, Umversity of Buffalo, 1960, (APG)
WEASNER, M, H., Psychologist, MA, 1957, (PA)

WEISZ, J. D., Director, Human Engineering Laboraiories, PhD, Umv of Nebraska, 1953.
(APG)

WHITAKER, E, A., Bological Sciences Assistant, BS, Cornell Umversity, 1959, (APG)

WOROUN, F. W,, Research Psychologist (Physiological, Experimental and Engireering),
PhD, Unmiversity of Nebraska, 1959. (APG)

wOCD, P, F., JR,, Engineer (Human Factors), BSME, West Virgima Universaty, i950. {(APG)

WOOLw ARD, A. A., JR., Physiologist (Human Factors Engineering), PhD, University of
Pernsylvania, 1947, (APG)




5. U. S. ARMY MELICAL SERVICE

U. S. ARMY MEDICAL REJEARCH AND DEVELOPMENT COMMAND, OFFICE OF THE
SURGEON GENERAL, WASHINGTON 25, D. C.

A, CURRENT WORK PROGKAM

1. Mibhtary Psychophysiological Studies
{Project No, 6X95-25-001)

Task 01 - Vision and Perception in Relation to Performance

Date Estiznated
Task Experimenter(s} Started Completion

a. Studies of Stereoscopic Eugene R, Wist March 56 Continuing
Vision George S, Harker
U. S. AMRL
Ft. Knox. Kentucky

A combmation optical-electronmic device his been constructed for generating the
Pulfrich effect stereoscopicaliy. This apparatus makes possible direct control of the inten-
sity of lLight in cach eye as well as the contrast ratio of 1ll of the pendul
to 1ts background,

Three pilot studies have been performed wath this apparatus in order to refine it
and to determune the range of absolute light intensities and contrast ratios significant in
the production of the Pulfrich effect. Two further preliminary investigations have been
performed to investigate the sffect of interocular absolute intensity d\iferem:es, contrast
rui10 differences, and simuitincous contrast on the Pulfrich effect. R ggest that
absolute intensity differences are more important than contract differences. However,
the results also suggest that the eifect can be ainduced by simultanecus contrast differences
belween the eyes. A subsequent study concerned the effect of interocular sensitavaty differ-
ences on the Pulfr.ch cffect.

Instrumentation has been completed for the purpose of investigating the classic
assumption that only xmp\ﬂses arriving simuitaneously at the cortex from the two eyes
fuse to produce ster P lly, this app the pling of 2 Roush
flash tor with a stereop ter, It is now p ble to delay the arrival at the cortex
of xmpu‘ses from a glow mcdular tube from one eye with respect to the other by from 1 to
300 (plus) 11§ 8 y data sugg that simult. ly arriving impulses
at the corlex may not be 2 necelr.ary condmon for stereopsis The apparatus is so dasigned
that in addition to interocular delays, the effect on stereopsis of pulse intensity, duration
a1d repetition rate can be 5nve:ngated.

A study on the effect of base magn.fication on perceived absolute size and di
a study on the interaction of voluntary and rotational nystagmus, as well as a bibhiography
on vol Ty Lystag: have been let,

b. Studies in Perceived George S, Harker 1 Jan 59 Continuing
Radial Slope U. 5. AMRL
Ft. Knox, Kentucky

Cyclorotation ¢S in Tresp to a gle-line have been studied by
four techniques of measurement to permit comparison of the methods of measurement.
Sophisticated and naive observers were used to permit, in addition, an evaluation of the
exparience varable,

c. Perceptual and Fhysio-  W. Cohen June 1957 February 62
logical Aspects of Uni- CUnav. of Buffalo
form Visuai Stimulation

A study of electyoencephalographic patterns unler of umi
of the eriire visual field has bean p diticn of '
d the g At Durmg prolonged stimalation,
a temporary stoppage of visual experience occurred ard alpha waves returned. The task
was co:duc(ed under Contract No. DA-49-007-MD-866, The Final Report has not yet been
received,
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Task 02 - Audition and Souau in Relation to Performance

Date Estimated

Task Experimenter(s) Started Comgpletion

a. Effects of Noise on Per- John L. Fletcher August 54 Contanuing
formance and Hearing Michel Loeb
U, 5. AMRL

Ft. Knox, Kentucky

An jinvestigation of the rehiabality of temporary threshold shift and contralateral

\_ threshold shift induced by loud al 10n was pleted The rehabilities for
contralateral threshold shifts obtained ranged from verylowto moderate, and tne rehabilities

- for temporary threshold shifts ranged from moderate tc moderately high. Magmtudes were

} N such as to explain the lack of sigmficant relationship between dufferent indices of acouslie

reflex action (e.g., reduction 1n each type of shift) previoush observed. In another investiga-
tion performed jointly with the U,S.N, Air Materiel Center Air Crew Equipment Laboratory,
there was an attempt to determine relationships between psychophysical and manometric
measures of acoustic reflex action. The ecxpected relationships were not found, though
some pested relat hap d 10 bie present in the data.

Data have been reviewed which suggest that the method of temporary threshold shaft
reduction may be superior to the free field threshold shift method for the evaluation of ear
protectave devices.

b. Effect of Overstimulation M, Lawrerce May 55 June 64
and Internal Factors on Univ, of Michigan
. the Function of the Inner
' Ear

The cochleas of guinea pigs were injected with a high potassium, low.-sodwm solu-
tion to produce greatly increased intraco: ilear pressure, The cochlear AC potentials

- were recorded simultancously and found to detrease according to the pressure applied.
Four lavers of the bamilar brane andtwo of Rei ’s b were ined electro-
microscopically. They appeared to serve as a sele. ely daffy g b in support of a

. radial direction for the maor zath of endolymph flow,

Studies of the inner ear response 1@ increasingly higher tones showed that even in
the absence of the rmiddle ear, the inner car produces a ‘“clamp’ inthe AC response of
the cochlea, The appearance of this response on a cathode ray oscilloscope is identacal
to that prod d by the ddle ear 1 The effect is related to the overlozding proc-
ess of the innesr ear in response to high level sounds., These studies are being conducted
under Contract No, DA.49-007-MD-£é34,

c. Measurement of Noises K. D, Kryter July 58 July 63
of U, S. Army Weapons Bolt Beranek and
Newman, Inc.
Cambridge, Mass,

Instrumentation has been leted to 1 the impulse noises of certaa: U. S,
Army we .pons. Subjects were exposed to pulses at a repetition rate of i, 5, 10, 20, 49,
«nd 80 per second for durations varying from 5 to 80 seconds. Rise time of the pulses
was 0.5 millisecond; duration 1 millisecond, with a peak sound pressure level of 168 db
re 0.0002 mcrobar  The temporary threshold shifts cbrained were highly varisble from
one subjec: to another {5 S$'s); the maximum lods was around 5000 cps; the mosgt severe
losscs were caused by pulse repetition rates of 1 pulse per secong and the leawt 2t 5 and
10 pr'zis per second, the longer the exposure, the greater was the temporary threshold
smift. Tias study 1s being conducted under Contract No, DA-49-007-MD-985,

d Neural Mechamisms for W, D, Neff January 62 December 62
Responses of Middle Bolt Beranek and
Ear Muscles Newman, Inc,

Cambridge, Mass,

This study was inmitiated only recently. No reports are ye! available. The study iz
being conducted under Contract No, DA-49-193-MD-2230, The information to be gathered
will serve in malking differential diagnozes in hearing discrders; in surgical prdceédures of
the rar and in the utilization of the “‘acoustic reflex’” for protection of hearing.
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Task 03 Imyrovemen® of Control and Coordination in Performance

Date Estimated
Task Experimenter(s) Started Completion
2. Studles in Biomechanics Lee S, Caldwell July 56 Cortiguing

and Fatigue U S. AMRIL
Ft. fnox, Kertucky

Work on the effects of body stabilizat.on on the strenyth ot manuai confrol forces
has shown that the shoulder stabil:zation afforded by the backrest may vz -y-the strength
of arm extension by as mch as 50%, anwlsat the footrest position may vary the strength
of arm flexion 1s much as 25%. Work is continuing on the sizcy of the load-endu=ance

relutionship wath speczal ewmphasis upon the relatlsnship b Dody s and
both Jtrength and A y aralysis of the data -ev-als that drengiﬁ
and endurance are unrelated wheL thc ioaw. 1s preportionzl to the ’ﬁms strength. Alio;
the 'oad-endurance reis h it appaTently uncianged by in the
advantage of the aratomrcal lever systems, Stat/c and dynamic workTzeks with high mikaa-
trement rehability howe been developed for the stuay of factors xmma::ng physical laﬂg\le
ard recovery. These techniques have been used 5 Studies on the effe
agents on human performance and fafigue.

c. Studies in Driving~Skill Mazvin J. Herbet Feliy T Continuing
Fatigue U. S, AMRL
Ft. Xnox, Keatoeky-

A battery of vehicle drrvxng performr ance .ucasures has been desigied and evalzated.
Test-retest relhiabilsty of obtained from T2e minefissts in thelbaitery
range from .47 to .78, [Estimates of validity were made oy correlating ““post-tasi’” test
results with hoars of fatigue driving prior to the test; P _arson pro&acx—rwﬁ correlations
from .18 te .38 vere obloined. Test performarses o~ 524 subjects fromthree studiag are
bemng analyzed by the d hod to identify basic skill factors. Jmose of the three
studies, scores from a number of psychomotor tests, a smaill driving simulator, and two
personality inventsries were incluied as reference tests to aid infactor identification.
Proliminary tablce of rotatica in Jicale the presenc. of twe motor and two pexceptusl factors,
a streungth factor and a personality factor.

¢. Certain Physiological R, B, Malmo June S5 July 53
Correlates of Psy<ho- MoUGil! Universaty
saotor-Funstiomng

Three investigations were corducted. In the first, divided set in a tracking tzsk
produced a highly significant increase in tracking error scores, but this dl!‘.‘:ercnce n
performance was not accempetied by any vehzble charg in the physiol
That thys absence of differences in tneph;s:ologncalmeasuen was not dae to their mu:xnuv-
'ty was demonstrated by five other comparisonr with the same subjects [e.g.. single wersus
double tracking with muscular exertion controlled) in which lghly significant differences
were obtmned between physiological messuras. From these results it appears reasomable
to concigge that purely cognitvwwe factors of sCu and atieniton were evadently capable of im-
paitiag pexfoemince, independently of acti n {or arousal},

1a & second investigation cogmtive factors were further explered employing a paced
auditury serral addition task. Effects orer *smger (minutes) and bricfer (seconds) temporal
interval: were studied. While te maln aadly"ir of the longer intervals showed that the
FEG .nd autonomic changes were highly concordan! when level of activation was shitted,
ihore was o » ion of EEG change scc that was not reflected
in the sutonomic measurcs. The main finding for the short-term study of EEG alpha azd
beta ia lnis experiment was that both showed few effects attributable to what maght be called
the 1. ur  wgnitive aspects of perfonnance (e.y., those aspests of performance reflected in
the error aralysis}, but showed greal sensitivity to motor aspetts of performance {e.g..
noteur sespons™ and preparatior !or motor response). It seems nne'y:hat this finding has
impartan. fingl sations for the “‘psvoboiogical refractory period” in motor response, and
follow-1p .tudies are Being planned o pursae this prablem further.

1. a thi.d investigation, wiifi brain lation as di d stimulus an in-
triczahially elicited = P was d ed to an exteroceptive stimulus.
Heait tale slowing produced by stxmuht’xg in “‘rewarding’’ areas of the brain was con-
ditioned to a tone mn a group of Z0 ratw. TFese studics are being condacted under Contract
No. DA-49-C07-MD-626.
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d. Retertion of Tracking A W, M lton January 59  September 62
kalls Umv. of Michigan

No recent progress report 13 avaslable, This study is expected to terminate in the
fall of 1962, after which a Final Report will be available. The study has been conducted
under Contract No, DA-49-007.14D. 1020.

Task 04 - Motion and Balance in ftelation to Performance

Date Hstimated
Task Experimentes(s) Started Completion
a. Studies on Effects of Air  J. Y. Gillenwater February 62 March 62
Transpert on Performance A, Jewett
U. 5. AMRL

gt Knox, Kentucky
To evaluate the effects of a pralonged flight on the prformance of airborne troops,
a medical sfudy team consisting of a rﬁed}cél officer, a psychologist, aug three eniEsted
men evaluated the condition of the trodps prior to departure, while en.zogte-and after
arrival at dest on, Each soldier was given a tag on which hourly entrres:were-recorded.
12 summary, there was no problem with airsickness since the. fight was-relatively smootic
the airborne troops were somewhat filigued midway of the flight, but.after 2 good-night's
the fer’'s

sleep, they d;li'r in excellent physical and mental dit 2 that

meald during Hight could have been lmproved, the toilet facihtics at-the refucling stops
were considerg inadequate at several places; slthough most of the treops complained of
beredom due to nsufficiknt ablivilies at the stops, on arrival they were commdered by their

officers and NCO's to have been immediately reddy for bat had the si d.
Task 05 - Sp 1 S y Functiohs in Relation to Performmance
Date Estimated
Task Exper: {s) Started Compl
a. Studies of Thermal Ex- W W, Dawson January 62 Co=timuing

ferierce U. 5, AMRL

Ft. Kntix, Kentucky

To investigate the temperature sensing capacily of the trigemimlnerve endings
m the bumidn cornea and certaln faclal areas, stimulat ZRIF t for radizer war.ning
of the cornea 1s being aAssgriBled 3nd tested. The pilot study which will describe-threas-
olds for radiant céfnea! damage 13 well underway. Early data indicate the “"permanent
damage”’ (‘?b\#;b' hfﬁshg}d tat an energy between 250 and 300 calories rotal input per
square centimeter, The use of lasérs for controlled radiant has beex idered.
Presently available unitg are exther deficient in output energy or too erratic Sr comtrolled
use Preliminary data indicate that the threshold fof Hpermanent damage’” of the €at cornea

is considerably highet than anticipited from the avalluple lterature.

h ui}jfg!}:?ggla,!e§ of D. R. Kenshalo December 55 Augusrél
Thermal Sensations

The thermal jhfeshald YgFies as 2 {uncginn 9{ skimtemperature, sex of Tk subject’
and time of day of the measuremont, but apiparently ;. aotaffected by subjecTage, orl
temperature, or changes in thé merstruil cycle. It gs suggested that QRaneors senys-
t:ons arc mediated in the following manner. Fibers ending in‘the siin are generaly sensi-
tive to n.Ovement, exthér in relation to their surrounding tissue or uponhemselwss. This
azzuunts adequately ,fo‘r tactile sensitivity, Other fhbders, 3lsc sensitive-ic meuemeat,
fetminate among smooth le of the cut vascilar sysiem, Smooth.cozesie arls
as 3 thermo-mechamcal tansducef, ﬁhgpgiﬁg thermal encrgy 1@ mechanicil mew=met
14F System d, th dHermally i

Fibers eading an the cuta P g =ove-
ment of the muscle eler to perature change Testa oitthe sensitivity-of free zerve
endings of the cornés of the eye show that they can be stymutsted directiy by changes in
therm.l energy, but are not of sufficrent §gg§ltivity to et for-therrzal ivZy n

other regions of the body, ror docs such p@{geg} thermal stimulation give roserto thermal
sensation, The study was cohducted under Coptfact No. DA-49-007-MD-633, # Final Re-

port has been received and 15 3Vailable from ASTIA. (ASTIA No, AD-267-909)
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Task 06 - Integration of Comptex Functions in Performance

Date Estimated
Task Exgenmenter(s) Started Completion
a. Studies in Learming L Behar August 57 Cominuing

J. N. Cronholm

T. C. Cadwallader
U. 5. AMRL

Ft, Knox, Kentucky

It has been demonstrated that the formation of learning sets in sooty man ~beys
(Cerocebus fuliginosas) progresses at the same rate as for rhesus monkeys and displays
sumalar characteristics.  An analysis of the differential effects of reward ard nonreward
on the acqusition of the discrirmanation learming set indicated that the approach response
to the positive cues 1is learned as a monotonic function of practice, while this 1s not true
for the avowdance response to the negative cues. Studiet of form rerception, one with
rhezue and the other wath mangabey monkeys, are in process of analysis. Basically, an
attempt was made to determune the physical stimulus characteristics that influence pattern
discriminability.  The design and construction of apparatus has been undertaken for a
comparative study of visual acuity.

Iz another study, our electromic gate has bien developed which permits the precise
tamZng of the duration of cleciric shock rcccwcd byan animal, making possible an objec-

tive and accurate differentiation bet resp and an P
A recently completed experiment sh ‘ that T to on oiacondmoned
avordance response 1s greatly increased by ding the i d of the con-

sticned stimalus 1n extincticn. Preliminary analysis of another avoidance conditioning
experiment indicates that the usual conception of the distribution of practice, 1.e., that
spaced pract:ce facilifates learming more than does massed practice, may not apply in a
rcsumably anxiety-arousing situation, Work 1s t to perfect a suitable thod
for evaluating the effects of neural damage on emotional behavior,

b. Context Effects in Psycho- W. E. Kappauf July 57 Scptember 60
physical Judgments Umv. of Hhinois

This study showed the biases occurring in making judgments which are attributable
to the context in which the judgment 13 made, There are wide individual differeaces in
the magmtude of the effect, in the rate at which it develops and in the nature of its decay
£xnction. The study was conducted under Contract No. DA-4$9-007-MD-877. The Final
Report has not yet been recerved.

¢. Extreme Environment and A. J. Riopelle February 60 June 62
Complex Ferformance Yerkes Laboratories
Orange Park, Fla,

This study was !0 have determuned the nature and degree of auditory rmpairment
following acoustic insult and other stresses on the animal. Tests for discrimination and
cther complex performance tests were devised but the contract study was terminated prior
to the ammals beng placed in an extreme noise envaronment. A Final Report has been
received and is available from ASTIA. The study was conducted under Contract No. DA-
49-193-MD-2095,

2 HBzsic Research in Psychologizal and Social Sciences {Project No. 6X99-28-001)

Date Estimated
Task Experimenter(s) Started Completion

a. Psychophysiology of I 2. Lindsley May 56 August 63
Vision LWL A,

Stadies have i 4 the 1 blank the

temporal aspects of wisuval prcn:ptm " rhis study is bexng ‘conducted undex- Contract Nv.
DA-49-007-MD-722,
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b, Spectral Sersitivaties for J. Krauskopf Sepiember 60 August 62
£mall Retinal Areas Rutgers Unmiv.

Studies utibzing the stabilized image technique have yielded results bearing on
the nature of the fuid al color P systems of the human retina, Color exper-
1ences for tiny spots of monochromatic light are not nccessarily the same as the stimulus.
This 1s explicable only in terms of imperfect instrumentation iv> producing stable images or
m terms of the =zize of the receptor area being stimulated in the rotina. Measurement
of retinal images has been made with a photoelectric ophthalmascipe to provide informa-
tion on the fidelity of the image forming mechamism. Ths study has oeen conducted under
Contrect No. DA-49-193-MD-2128, A Final Report wall be available in the fall o7 1962,

' c. Traumatic Origins of Per- I, Behar CJanuary 6} Continuing
manent Hearing Loss M, Loeb R
J. N, Cronholm
A, Jewett -
U. S. AMRL
. Ft. Xnox, Kentucky
To assess the relat of y to ¢ heiring 1oss as a function of the

characterastics of the noise stimulus - (Contxnuous iype or impulse-type), a study has deen
initiated to evaluate the effects of duration, intensity, and mode of exposure on audiometric
performance of rhesus monkeys. Pre-exposure aud ograms have been obtained in cne sub-
ject using a modification of the Blough-Bekesy tecnmqae for self-determined throsholds.
Two additfonal subjects are undexrgoing traming,

d. Vestibular Function in G. H. Crampton July 56 Continuing
Man and Ammals U. S. AMRL
Ft. Knox, Kentucky

A major project, employing €0 cats, evaluatedthe importance of vis19n in the nystagmne
nabituation process. It was found that, although vision 1s 2 prominent determaner of eye
movement during rotation, that repeated rotary trials with vision has no effect whatsoever
on the nystagmic reflex if later tested in dark Work is inuing on the effects of
hmear icration on the nyst of man, Data collected 8o far indicate that
with tilts of the gravitational resultant up to 16*, no change can be detected in the ocular
nystagmus 2s compared to nystagmus recorded in the ab of linear 1 ion, A new
study 1s des:gned to determine if habituation to one level of acceleration 1s effect.ve in re-
ducing the nystag: resp to lera.ions of higher and lower magnitud Devel 2nt
‘ 1s continuing on a method for implanting micro-electrodes in the vestibular panglion of the

cat. AN of the current studies are oriented toward clucidzling man’s accustomrzation to un-
usual acceleration environments,

One new rotary device was installed during this last ~ecr and has been in steady
operation A second device is scheduled for delivery znd zact.llation during the fall of

1962,
e. Aud:tion anu Auditory M. Loeb August 54 Continuing
Perception J. L. Fletcher
U. S. AMRL

Ft, Knox, Kentucky

rwo studies of factors mﬂuencmg the intensive difference limen were comp\eted
In one it wos found that when ‘‘doub udg ts are precluded but ““equal’” ones are
not, hmens for modulation are somewhat smaller than those for discrepancies between
s1gnals, and himens are smaller for greater intensities and (generally) more comparisce
cycles. On a second experiment (performed jointly with personnel at the University of
Louisville) .t was found that the superionty of detection for modulation signals is enhanced
under wigilance conditions and that the effective limen tends to ircrease with time on task

A seminar on middle ear function was held at the laboratory on 6-7 Mav 1962. Among
the participants were, Dr, Charles Blevins, Dr. R. Fleer, Capt. John L, Fletcher, Dr. Odell
W. Henson, Dr. Ira J. Hirsh, Dr, Merle Lawrence, Dr. Michel Loeb, Mr, Ermanuel Mendelson,
Dr. J. R. Mundie, Dr. W. D, Neff, Dr. Scott N. Reger, Dr, F. Blair Siminons, Dr. W. Dixon
Ward, Dr. Howard Weiss, Dr. Jozef Zwislocki. .
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£. Studies in Psychopharma- W. O, Evans July 61 Continuing
cology G, H, Crampton
U. 8. AMRL
Ft, Knox, Kéntucky

The effects of psychotropic drugs on human attention and temporal experience have
been studied Techmques, using apimdls, have peen deveioped for the screp:ix;:g and be-
havicral enalysis of analgesic and psychotropic drugs and reported in USBAMRL Repaurts
Ne. 476, 494, 480. The synergistic potentjation of o‘i)lii‘b 1hdiinpd an”algiig.f"A}}ha“
adrenergic stimulants and “‘Eeta’’ adrenergic blockers bés been studied ghd hele Pl} :‘bgl
military utility reviewed, Continuing studies of H-araphetdmine opi vest: ular é:[ fon
have shown that in climcal doses, the drug has only a smail enhancement effect [d4 pikdsired
by nvstagmus) in man,

g. Effects of Noise on Man K. p. kryter February 62 Tanuary b3
Bolt Befant]

Newspdfy Inéy

This 1s to be a review of all the scisntific lifepature of the pdsf HEERE popesrn:
ing the effects of noise on man. The study was }ﬂ; “‘gi “”, t jce !y‘ No report§ 5}}!
available, The study 18 being conducted under Contrict Na. Da-49» l‘f 4?1 “2215,
h, Communicat:on by Elec- Emerson Foulke November 61 Octobsf 63
trical Stimulation of Univ, of Lowmsville
the Skin

Studies at U. 5. AMRL, Fort Knox, Kentucky had alrpady demonstrated {lis palans
tial use of a one way commumcation system by means of the skin acling as & lglpcf‘ 'ipr
electrical stimuli. Research 1s now on-going to determane¢ the most f:fa'(':gical par fne{p
T"¢ study 15 being conducted under Grant No, 62-G49.

t4

5. Psychologacal Infl R. Russell September 59 Augusi fil
on Gastro-intestinal Indiana Umv.
Activity

This stucdy is d with a sy 1c search for paychological ggd h rrid-
<ological factors which may control gastro-intestinal movements. The clecft il ég-
N

mental conditions, bodily states or drugs which generate changesn ga&tro—xntSs nal
actiity This study is being conducted under Contract No, DA-49- 193-MD-2063

H
logical characteristics of gastro-intestinal motility are being studied as are those vaf
i

). Localization of Sound L Harsh January 60 December i1
in Depth J. L. Fletcher
Central Instatute for
the Deaf
St. Lows, Mo.

The intensity of sound is an important factor in the judgment of distance from the
source, but under conditions where sound intensity cannot be used as a cue, sufficient
cues other than intensity provide relatively reliable localization judgments. The sfudy
was conducted under Contract No. DA-49-193-MD-2088. A Final Report is available from
ASTIA {ASTIA No. AD-252-818)

k. Effects of Practice oz R. Bixler Augast 59 July 61
Sensory Discrimination M, Loeb
Univ. of Louisville

To refine the precicion of audiometric tests, this experxment was designed to ex-
plore the nature of the practice effect for low sound freq -where 1ndividuals mught
be learming to distingumish between a low frequency signal and a low frequency broad-band
backg d of ‘‘physiological noise’’ in the eatr. When a 50 db whitenmise was mtroduces
to mask the physiological noise, the pract effect p bl IZS cps and 1000 cpe
was absent. When a narrow-band high frequency noise {3000-Z230 cps) was introduced,
a learming effect for the 3000 cps threstold was not induced. This study was conducted
under Contract No, DA-49-193-MD-2041. A Fiznal Report 1s availablefrom ASTIA.
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1 Perceptual Evaluation of J. R, Binford September 61 August 63
Sensory Information Univ, of Lowmsville

Vigilance 1s being studied by collecting data on the effect of rise tire and discrimi-
nation difficulty of auditory stimuly on detectability. Vigilance will also be related to the
changing probabilities of target occurrence Other studies, supporting research at the U, S,
AMRL, Fort Knox, Kentucky inciude experiments comparing auditory and cutaneous reaction
time, and the relationship between forc2s exerted and their durations by a seated man with
arm aeld at various distances and angies,

=™ Irradiation and Visual W. W, Dawson Januvary 62 Continuing
Function U. S. AMRL
Ft. Knox, Kentacky

Research has been imtiated to provide a basis for greater understanding of rormal
photochemical events in the eyec to yield methods for aecreasing the onset t:me ot scotopic
vision and h t of ats sensitivity, and to enable the recommendation of
;;qtﬁc;xve measures for the reduction of visual deteriorat on and ‘‘noise’’ when high back-

tound radiation levels are present. All major apparatus for the biochemical and ~lec-
tophysiological phases of the 1esearch has been secured. Installation and repair of existing
x-ray equipment has been completed, Radiological sux ¢y of the installat:on indicates
that x.-ray scatter into the external work area is !—ss thi. 0.1 mr/hr,, within the specified
afety limits of the At Energy C ful extraction of photopigment
if!}ﬁdor{:sm) has been made from the retinas of frogs. Stockpiling of this extract 1s under-
way in anticipation of biwoassay for sulthydril activity during irradiation, The device for
tatration has been completed and functions accurately in fitrations of glutathione, a known
sulfhydril bearing compound. Final construction of the visual stimulator required for the
electrophysiological studies 1s underway. Titration of rhodopsin sulthydril groups during
ilumination has been accomplished follow:ng the techniques of Wald and indicates that
the biochemical procedure is adequate for the research.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

Behar, Isaac, Evaluation of the sigmificance of positive and negative cue in discramination
learming. USAMRL Report No, 487, Ft Knox, Kentucky, 1961.

Behar, Isaac, Evaluation of cues in learming set formation in mangabeys, USAMRL Report
No 534, Ft. Knox, Kentucky, 1962.

Behar, Isaac. Analysis of object-atternation learnming in rhesus monkeys, J. Comp. Physiol.
Psychol., 1961, & 539.542. (USAMRL Report No, 441)

Behar, Isaac, Learned aveidance of nonveward, Psychol. Reports, 1961, 9, 43-52. {USAMRL
Report No 469).

Bernstein, Irwin S, Response to nesting materials of wild born and captive born chimpanzees,
Ammal Behav., 10, 1-2, January-Apni 1962, 1-6.

Binford, John R. Perceptual evaluation of sen<ory information, First Annual Progress

Report, 1 September 1961 to 28 February 1962, Umversity of Louisville, Contract No.
FET-«a T193.MD-2197.

Cadwallader, T. C. and Harker, G. S. The differentiation of an a from

an escape response A note and circuit USAMRL Report No. 546, Fort Knox, Kentucky,
1662,

Caidwell, L. S, and Evans, W. O. The effect of an analgesic agent on muscular work de-
arement, USAMRL Report No 538, Ft. Knox, Kentucky, 1962.

Caldwell, L. S. Body stabihization and the strength of arm extension., Human Factors,
1962, 4 (3), 19-24. (USAMRL Report No. 378},

Carter, Norman, Ball, Jay, and Kryter, Karl D. Studies of temporary threshold shuft
caused by high y acoustic tr. ts. Report No, 916, Bolt Beranek and Newman,
inc, Cambridge, Mass. Progress Report, January 1962, Contract No. DA-49-007-
MD-985. -

295




Collins, W, E. and Guedry, F, E, Arousal effects and nystagmus Juring prolonged constant
angular acceleration. Acta oto-laryngol., 1962, b4, 34%-362. (USAMRL Report No, 500),

Collins, W, E, Guedry, F. E., and Posner, J. B, Control of caloric nystagmus by manipu-
lating arousal and wisual fixation distance, Ann, Otol. Rhinol, Laryngol., 1962, 71,
187-203, (USAMRL Report No, 485), -

Collins, W. E, and Poe, R, H., Amphetamine, arousal, and human vestibular nystagmus.
USAMRL Report No 526, Ft. Knox, Kentucky, 1961.

Crampton, G. H., Directional imbalance of vestibular nystagmus in cat following repeated
unidirect 1 angular leration. USAMRL Report No, 529, Ft. Knox, Kentucky, 1962,

Evans, W. O. A comparison on analigetic potency of some opiates as measured by the
“flanch-jump’” procedure. Psychopharmacologia, 1962, 3, 51-54. (USAMRL Report
No, 434).

Evans, W. O. and Jewett, A, The cifect of some centrally acting drugs on disjunctive
reaction time USAMRL Report No. 510, Ft, Knox, Kentucky, 1961,

Evans, W. O. The potentxauon of opiate induced analgesxa by stimulant drugs. I The
effect of e b s and USAMRL Report No. 519, Ft.
Knox, Kentucky, 1961,

Evans, W. O. A titration schedule on a treadmill, USAMRL Report No. 525, Ft. Knox,
Kentucky, 1961,

Evans, W. O. The effect of treadmill grade on performance decrement using a titration
schedule. USAMRL Report No. 535, Ft. Knox, Kentucky, 1962.

Evans, W, O, and Caldwell, L. S, The effect of an analgesic on muscular work decrement.
USAMRL Report No. 538, 1962, Ft. Knox, Kentucky.

Evans, W. O, A techmque for the investigation of some effects of psychotropic and analgesic
drugs on reflexive behavior in the rat, Paychopharmacologia, 196}, 2; 318-325. {USAMRL
Report No. 476),

Twvans, W, O. Factors in psychopharmacological analysis. Seventh Annual Army Human
Factors Engincering Conference Report, 1951,

Fletcher, J. L. TTS followi re to acoustic reflex eheating stamuli,
J, Aud. Res., 1961, 1 242-246. (USAMRL Report No, 473),

Fietcher, J, L, Prolongation of the action of the acoustic reflex. 4, Aud, Res,, 1961,
J1; 306-310, (USAMRL Report No. 496).

Fletcher, J. L. A field evaluation of the acoustic reflex ear defender system. USAMRL
Report No. 524, Ft. Knox, Kentucky, 1961,

Fletcher, J. L. A reflex P to high of 1se noise and to noise
and click stimuli. USAMRL Report No, 527, Ft Knox, Kentucky, 1961.

Fletcher, J. L. Reflex response of . .dle ear muscles: protection of the ear from noise.
Sound 1 {2) 17-23, 1962,

Flztcher, J. L. and Loeb, M. Contralateral threshold shift and reduction in temporary
wnrcahold shift as andices of acoustic —cflex action J. Acoust. Soc, Am., 1961, 33
(11): 1558-1560. USAMRL Report No. 490,

Fletcher, J. L. and Loeb, M. Free field threshold shift and temporary threshold shaft re-
ductions as y of ear prot. devices, USAMRL Report No. 539,
Fort Knox, Kentucky, 1962

Gogel, W. C, Convergence as a determiner of perceived absolute size. J. Psychol, 1962,
53, 91-104. (USAMRL Report MNo. 489).

296




Gogel, W. C. The effect of convergence on porceived =ize . .« Ciutasce, 7. Ps chol.,
1962, 53: 475, (USAMRL Report No, 499) -

Gogel, W, C., Wast, E. R. and Harker, G. S. A tes* of the s1ze~d-itanc } Javirsal ce 2P dtus-
s1s. USAMRL Report No, 545, Ft- Knox, Kentucky, 1962,

Guedry, F. E. and Graybiel, A, The appearance of a comiensatory nyst)g.aTs 1a dbuman
subsects as a conditioned response durmng adaptation to x continuoasty ~2tating ervirats
ment. (Joint Project with U, S, Naval School of Avicticn Medsciae, 1952) 1"“AMRL Re-
port No, 531,

Harker, G. §. Apparent front lel piane, ster d and il ted
cyclotorsion of the eyes. Perceptual_and Motor Skms, 1951 H 75.47, 7 5aMRL
Report No., 472).

Hawkes, G. R, Comm-mxcanon by electrical stimulation of the slaa, VI the erfect +f *ateos
sity level and on :nf tr: dvia stu.rmius cuvat on, Pc.cig.
4nd Mot, Skills, 1961, 13 203.

Hawkes, G, R. Effect of skin n the absolute tareshold fcr elv~trical currint.
J. Appl. Physiol., 1962, 17: 110, (USAMR Report No. 497).

Hawkes. G. R,, Joy, R. J. T., and Evans, W, O, Autonomic effects o1 estinraen of time:
Eviaence f = a phyeological correlite of temporal experience. J, Povenl, 196, £3.
193-191. , 3AMRL Report No. 506), -

Hawies, G. R. and Loeb, M, %¥igil for cut as and audi ti i as ) fanctum
of intersignal interval and signal strength. J, Paychol,, 1962, 5 : 211-“8. {USA ¥RL
Report No, 5110

Hirsh, Ira J. Localization of sounds in depth, Final Techmcal Report, ) January - 31
December 1962, Central Institute for the Leaf, St. Louis, Missouri. Cuntract No. e
49-193-MD.2083. (AS A No. AD-252 818).

Kenshalo, D. R, and Nafe, J. P. Neural correlates of therinal sensation Fiuc) Ray: 13,
August 1961, Floridi State Univecsity, Contract No, DA-49-067-14D-683, ‘KSXU\E Wo.
AD-2867 909).

Krauskopf, Johr Color mixes with monocbromatic primarids, Ascer. J. Psychnl. (in presyi.

Krauskopf. .John Spectral sensitivity of smallretinilareas. Annual Prigress Report (Januare
1961 to Jarmary 1962) Contract No. DA-49-193.MD.Z128, (AS ‘u. No. %5—212 14),

Lawrence, Merle The eifoct of overstimulation and scternal factors 2n the functizn of the
inner ear. Pzogress Report No. 13 (January 1961 1o Jaguary 1962}, Univirsity of
Michigan. Contract No. DA-49-0C/-M0D-634, (ASTIA No. AD.269 063).

Lawrence, Marie Auditery priblems in secupational medicine, Arzh, ¥nwroa, Health,
3: 288-29€, 1961.

Lawrence, Merte and Clapper, Mas*ne Differential stramning ot inner ear {laids by protz2zol,
Stain Technol,, 26: 305-308, 1961.

L w-cncn, ueﬂe, Wolsk, D, ard Schmidt, F. Inner ear repponse to I g level sounds,
J_Scovst, Soc. Amer., 1962,

fattow, W, B, and Lawrenc2, Merls Electron microscopy in Meniere's direase. Apch.
Otolaryngol. 74 (1): 32.39, 1961.

Lasb, M. Experimeats on Vigilance for Auditory zrd Cutaneous Signals. Seventa Aunual
~rmy Human Factors Engineering Conference Report, 1961,

Loed, M. and Dickson, C, Factors infiuencing che practice effect for auditor~ threrlulds,
3. Acoast. Sac. Amer.. 196), 33: 917:92).

297




L3

nan
ol
Re-

ved
{RL

[

L

440 At AN ., 1. b, et e, et S et e s

Lueb M, and Fleterer, J. L. Reliability and temgpral course of ten.w;ary thieshold
-h;f‘! and cantralarera: threshold shift. URAMRL Foport No. £33, Ft. Knox, Renturky,
19C2, -

Lozh M. and Fletcner, J. L.  [le influence of afferent acoustical stirnali on tic thr 3ah-
old of the contralateral ear: A possible irdex of attenuation by the intratympasi~ re-
flex. Acla Otolaryngol. 1962, 54, 33-37. (USAMRL Report N»o, 478),

Loeb M. and lawkes, G. R, Detection of differcnces in duration of acoustic and electrical
rutaneous stimals an 3 vigilance tosk. USAMRL Report No. 542, Fort Knox, Kentueky,
1,

Loeb M. and Hawkes, G. R Auditory intensity dlscrimination as « fanctior, of stimulus
p. e3entation methad, USAMRL Report No, 342, Fort Knox, Xenticky, 1962,

Loeb, M, and Hawkes, &, R. Tlru effect Of rise and decay time on vigsladee or werk auds-
tomy and cutaneous stimwul, Pereept. ad Mot. Skills, 1361, 13, 228.2152, {MIAi4RL
Report . 4911,

Malmo, R, B, Certiin Ehysiological corzclates of psychomotor functioning Annual Progress
Repost, {(January 1961 to January '992), MclIl University Contrwct No, DA< -007-
D282, (ASTIA No, AD-269-669L),
Malmo, R, E. &l~wing of heart rate following septil self.stimulation in rats. Sciencs
1963, 133, 11281170,

Malezs. R B, #chwation, In A. J, Bachrach (Ed.). Experimental foundutions of clizleat
peycholegv. Nen York: Rasic B oks, (in press),

Malme, N #, Gogmrive faclors in impairment: a jeuropsychological study of div ded set,
Amer. Pgyziologist, 1961, 459 {abstract).

Malmo, F. B, and Davis, J.F. A mono,
J. Psychol.. 1961, 74, 106-113.

polar mcthod of wnersrring ralmur conductance, Amer.
Maine, R, B, and 3urwilip, W. W, Sleep depravatior: Changui in performance #nd physio-
.0glcal irdican’s of activation, Psychol, Monog,. 17460, 74, (whole No. 507}, 1.24,

MasNelage, ', F. Chenges in EEG aad cther physxolcgncal meadured during serial mental
performance, Unpu®«shed Jocigral ¢issertation. Mctill Univerc:ry, 1961,

MrCabe, £, F, ard Wolsh, D, Cxperimental snne> ear pressure changel: Functioual zifects
Ann. Oto. 3hinol. and Lacyngol. 70 {2): 541.555, 1961,

Pinnev, L. R QJhe =;fects of induced mun le tersion duing tracking uit levol of activation
and on pericxr.navce Y Exd. Psychol., (2 press).

Pdopelle, .., J, Extreme euvizonments and complex performance of primaies, Fiut Report
1 Noveniber 1563 - 31 May :962, Yerkes Labovitories of Erimate Biciogy, Orange
¥ark, Floridv., Contract No, DA-49+193.MD-209%,

Riopelie, Arthur ., Crorholm, J N. ard Addison, R. §. Stimalus familiality ané multipl+
discrimiz.tion jearmng. J, rowp and physiol. psychol, 1962, 55 {?), 274-278,

Pwpellr. A, J,, Cronho'm, J. N, 3na Acbersold, G. H, Freferrdd dimensions ‘A Jiscriming -
ugn lezrning by monkess. Paychol. Reports, 1561, 8, 437-445, (USAMRL gsaport No.
468}, - -

Pandle. ¥. W, and Lawaenc: Meric In vitro studies of the osteotlast in otoselervsis,
Th+ University of Michiyan, Mcciedl Busdetin, 27 {2): ¥6-1.3, 1561,

Kusszll, Rcyer W, Psychologicsl an¢ pharmatclogical fuctors zonteolliny grstrointestinal

motillly, Puogress Kepurt No. 3, Jantzry 196] - January 1962, Indian~ Utiversity,
Cortract No, DA a?’S-“Rﬁ-ZC'S:' TASTTIA No. AD-271 664), _

298




;. R T . "= e * - 1t DR o2 I W
Y- RN DO RS (A L S % o &3 ot e Y oade el B

Xves, L. D. Changes in bar-gressing perfcorance and heart rote mthe sicea deprivec

rat, J. comp. physiol, Psychol”, (in wress;.

i, E. R, Amount, d=lay, and posi.ion of delay of ~ewnforcement as pocarrster o run-
wey performance. J. Eap. Fﬁhg}._. 1962, 63, (25, 160-746,

¥t ¥, R, The ifect of traamng level at .he time of delay introduction on runway per-
fyrmdnce. USAMRL Report No. 543, Fort Knox, Kentucky, 1962,

C. BIOGRAPHICAL DIRECTORY OF FROFFASIONAL PXRSONNEIL.
V. S. Army Medical Research & Development Command, Office ¢ The Surpeon Grynal,
Washington 25, D, C.

HAUSMAN, WILLIAM, Lt. Colonel, Cluf, Behavonal Sciences Branch, Research Divisioa:
MD, Washington University, 1947, Psychiatry.

U. S. Army Medical Research Laboratory, Fort Knox, Kent\.cky_

BEHAR, ISAAC, Rescarch Psychologist; PL.D,, Emozy University, 1959. Primate Research.

CALWAULADER, THOMAS C., 1/Lt, MSC. Ressarch Psychologist; Ph.D,, Universit of
Buffalo, 1958. Pbysiological Psychology.

CALDWELL, JEC 5., Research PFsycholegist; Ph.D., Universily of Kentucky, 1955, Bi-
mechanics.

CRAMPTON, GEORGE H., Major, MSC, Research Ps;zhologist, Chief, Vesiibuiar Resesrch
Branch; Ph,D,, University of Rochester, 1974, Vestibular Functions.,

CRONHOLM, JAMES N,, Fsychophysiologist, MS, University of Cregon, 1956, Primate
Research.

DAWSON, WILLIAM W,, 1/Lt, M5C, Research Psychologist; Ph.D. Florida Stat: Univerxity,
1961, Sense Ozgan Biophysics.

EVANS, WAYNE 0., Zapt, MIC, Resverch Fsychologist, Ph.D,, Duhe University, 1959,
Psychopiarmacology.

FLETCHER JCHN L., Capt., MSC, Pesecarch Psychologist; Ph.D., Unjversisy of Kentucky,
1955, Auditory Functions,

HARKER, GEURGE S,, R ¢ . Psychology Division; Ph.D,, Uni-
versity of Jowa, 1950, Vision.

HERBFRT, MARVIN J/, R ch Psychologist, Chief, Pcych 23 1ca; Ph.D., Uni-
vervitv of Yinnesota, 1953. Motor skills,

SEWE1T, ARTHUR, 3/\t., MSC, Research Psychologist; BA, Univarasity of Rochester,
1954, Oudstion,

LOEL, MICHEL, Research Psychologist, Chief, Audition B h; PRD.,, Vanderhilt Uni-
versity, 1953. Auditory Functions,

WIST, RUGENE R,, 1/Lt., MSC, Research Psychologist; Ph.D., Usiveraity of Hissouri,
i¥EC, Vision.




6. U, 3, ARMY QUARTERMASTER FOOD AND CONTAINER INSTITGTE FOR THE ARMED
PORCES, CHICACO, ILL.

A. GURRENT WORK PROUGRAM

1. Nature and Contro} of Attitude Toward and Preference for QMC Materiel

Late Zstimated
Tatle Evperimenter Started Completion

3. Increasing preferences J. Eindhoven Mar 1962 Sep 1962
by exploating non-
functional characteristics

Investigation of the sffects on soldiers’ attitudes and preference of information
printeé on packaging, estimotior of suld.ors’ bias aga.nst foods bearing Army labels as cont-
rared to those with ccnmercial labels, rmanipulation of .nformnation variabies to improve food
preferences,

b. Analysis of mastication B, Drake Sep 1961 Sep 1962
sounds {Visating
Scientast}
Techniquer are beung developea for recxoding and analy.ing chewing sounds for
varjous foodatuff and for relating these datz to other objectrve and senscry charactesisticw of
ford,

¢. Attitude change through P. Zimbardo June 1962 Jun 1963
cogniti~e 3 lessures (Grant)

Attitude change theories are being devel.ned andtested for effectiveness in military
situatiors. Variables to be considered include (a) the tarung of presentation of indoctrination
programs, and {b) types and degrees of positive and regative preswuires exerted upon the target
popuration.

d. Apphication of pro- J. Kamen May 1962 May 1963
grammed instruction
theory and techniques
to attitude change

Methods of programmed instructivn are teing tested and revised for the purposc of
improving the attitude of Aoldiers tc new rations and ration components. These methods aze
also beng compared to more conventional techmques,

e. Sensory evaluvation for D, Peryam Jan 1952 Contmnuing
qualitv control of
products

Devel of hods of ement and estabhishy.ent of standards of palata-
bility 2ud flavor for procurement of foods; growing emphasis is upon new.y developea ard
unusual foods,

I Complex taste 3. Kumen Apr 1962 Jul 1963
interactions

5 systematic anvestigation 1s underway of the effects of combinations of t'vo taatg
stumuli upon the perceived intensity of 2 third; all four primary tastu quahtics are beang
stuhbed in a veries of four experiments,

g. National surveys cf J. Kamen Sep 1962 May 1952
soldiers’ foed prefer-
ences

A survey is being planned to obtaiu soldiers’ perferences for food. recently in-
troduced into the Master Menu and to determine snifts in preferences for certain foods oves
the past seven years,




Effect of milatary Unler Sep 1952 Sop 1964
opcratione xa vhe contract

tropics on roldiers”

athitudes towir, OM

materiel

Investigation <§ the effect of int¢ raction between soldiers’ and e tal
foctors 1n tropical situ.tidns upor the accetability of foods, clothing, and items f personal
-quspment,

1. Structure a i content J. Kamen Sep 1962 Sep 1967
of mas¢ co'nmunicotion

Investigats tb> Crganlzation and the =ature of the content of scripts intenddd to
change attitudes towoad QM muteriel.

B, BIBLIOGRAPHY OF HUBLICATIONS SINCE L..5T CONFERENCE REVOLT

Benson, P.H. and Pilgiim, F.J, Testiig l~ss aesirable product possibrilities. J. Ma>heting,
25, 65-68, 1961,

Hamulten, H. Socaal bases of food attitudss in the military cstablishments. University of
Chicage, Coatrast QA 19 329-QM. 1117, Feb. 1961,

Karien, J.M. Jonsump.ion ana reas(ns for nonconsumptioninthe Army. J. Americar Dietetic
Association, 196£ \in press).

Kamzn. J.M. Derision-rakuig by usezs of food acceptance data, Food Téchnology, 1462,
1% (1), 48-53. S00¢ "ecanology

Kamen, J.M., Prgrim, F.J., Gutran, N.J, and Kroll, Beverly J. Futeractions of suprathres-~
hold taste stimuli. J. Exp. Psychol., 1961, 62, 348-356,

Peryam, DR, Acc p*ance o: novel focds. {ood Technology, 1962 (in press).

Peryam, D.R. Focd attita.ted inan 1envir t. A d study. QMF %CIAF fnterim
Report N, 2-62, Mar. 1964,

Peryan;, L. R, {cc-author). Precooked deh drated sweetpotatoes. Research Report: Southern
Regional Hezearch iaboraior—, Agricultural Research Service, U.S, Pepartment of
Agrizuiture, ARE 72-23, Fab. 1962,

Palgr.m, 7.J. Ixisractions of suprathreshold taste stimuli, Kare, M.R, and Hatpern, B.P,
(Eds.;, The Shysnjogical and Behavioril Aspects of Taste, Umvirsity of Chicago Fress,

1961,

Seaton, 1\.2. The ieTzth anddirection of rating scales. QMF&CIAF Interam Repozt No, 11. 62,
Jun. 14R2,

Smith, E,E  M=xU.ady for changing attitudes: A report of three experrnents, Tue Matrix
Sorporation, Countruct DA19+123.QM-16)9, Feb. 1561,

Smah, FLE. Thepowdr ol aise te>,hmques tochange attitudes. Public Cpnion Quarterly,
1961, 22, b2b-63°, — i

. DIOGRAPH;CAL DIREGTORY OF PROFESSIONAL PERSONNEL _

EINDHOVEN, “nN I,; Chiel, Sensory Testing Laboratory, Food Accostance Bxanch; M. A,,
Umvermty of Harai-, 1§49; Consume~ pa¢ferences, taste and oder rescarch; Membor,
Ax.erican Dsvc.olofical Assoclation,

RAMFN. JOSEPL' M., Dx_, Acting "hiet, Prsearch and Evaluation Scction, Food Aschmance
3ranch; P20, . ersity of Illinois, 1955; Psychophysics of taste and vdcz, nunitony,
attitude chaiya, pouduct ascestance, Member, American Psychelogicat Asiociation, Sigma
X3, Psychunom.c Socicly, amcrican Marketing Association.
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NcCOY, JOHN L., Researsh Psychologist, Food Acceptance Bnnch M.A,; Univermy ot
Chacago, 1942, Commuwu.aticus, small group dynamics. Craent, s,
American Sociol ogical Association, Amesxlcan Academy of Political and Socnal Science,

°ERYAM DAVID R : Dz,, Chief, Food Azcaptance Branch, Ph.D.,Illinois Instiute of
ey, 1961, y test thods for {ood-, hs!e perception, attitudes and pref-

:rcnces. Member, American Psychological A titute of Food Technologists,
American Marketing Association.




%7. U.S. ARMY QUAKTERMASTER RESEARCH AND ENGINEERING COMMAND, NATICK,
MA

a. CURRENT WORK PROGRAM

1. Human Engineering and Compatibility of QMC Items

Date Estimated
Tatle, Experimenter Started Completion

a, Human ¢ngineering J. McGanmis Jan 1959 Continuing
compatibilaty studies of
QMC develspmental
items and equipment of
other Techmeal Services
Ident:fication and analysis ot patibilitier lving the use of QMC xtems n
man-machine systems are being applied for further ref t of pr

b. Preparation of J. Kobrick Aug 1960 Continuing
handbock of humarn
engineering informa-
tion for gurdance of
Q:AC enginzers and
designers
Rel t humai id info

tion pertinent to QMC problems s
periodically publisked to zssxst oMC desngners and thosc of the other Technical Services.

c. Human factors guid- B, Crist Jan 1959 Continuing
ance, consultation and
research in support of
materials handling
equipment development
Human factors guidance in the design and development of rough terrain forklift

vehicles is provided as required. Emphasis has recently been placed on the prototype
Sandpiper and Portageur vehicles,

d. Investigation of sen- R, Dusek Jan 1962 Continuing
sorimotor responses J, Lockhart
critical to performance E, Youngling
of rlitary tasks and the
effects of environment
and QMC items on such
responses

Research 18 conducted in Sensorimolor ercas of gui i "‘ i 10 paoblesns of
design of QMC items. Paﬂxcular emphasis is placed at F t on i 1 eff
upon basic P s previously isolated by factor analysis techniques,

e. Evaluations, assistance J, Kobrick Jul 1960 Continuing
and guidance in support J. McGinms
of new QMC clothing R. White
and equipment develop-
ment programs
E 1
as roquested,

tions,

and 1n support of item d

&

f, Research on headgear B. Cnist Jul 1959 Continuing
system variables re-
lated to verbal com-
munication, attenuation
of hazardous noise, com-
fort and crash protection

Humun engineering research is d i to obtain
prcvement of protective headgear, particularly for combal
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. Date Estimated
Tatle Experimenter Started

Completion

Study of personal J. Tambe Jan 1962 Jul 1965
clcthing and equipment

requirzments of the

equippec combat soldizr

performing sp~cific tyses

of dutics

Human enginecring studies are conducted to determine the effectivcness of QMC
items in use in the f121d and the effect of such equip t on the effectsve . Emphasis is
placed at present on the effects of tropic conditions upon soldier effectiveness, as contr Jted
to sunmlar effects produced by perat: vond

h, Arnalysis of human J. Senna Jan 1962 Continuing
factors problems K, Guthrie
associated witn newly
developed equipment
and tactics

Research is conducted on new techmgques and devices to provide increased effective-
ness to existing procedures and tactics, such as the zurrent program to provide armor pro-
tection to Army operators of light ajrcraft.

i Human engineering J. Kobrick Jut 1962 Jul 1764
study of aerial equip- R, White
ment delivery systems

Human engineering guidance and supporting research is provided to development
psugrams for aerial delivery equipment, esperially for personnel delivery. Present attenhion
18 directed toward design and development of personnel delivery pcds and safety devices for
parachutists,

2, Anthropometry

a. Coliection and R. Whte Jar. 1958 Continuing
analys:is of anthropometric
dala concerning the
functional characteristics
of mlitary nopuiations

Range of body size, range of t, spatial ¢ i «nd other functional
characteristics of malitary populations are being determined to provide anthropometric
criteria and guidance for the design and development of mihitary clothing and other equipment,

b, Anthropometric design  R. Whate Jul 1948 Continming
and sizing guidance

Design guidance and human eng: d i are furnished as r d

in support of development programs for milita;y clothing and equipment. Tariffs are de-
veloped for the procurement of new or modified items.

¢. Anthropometry of R. White Jul 1962 Continuing
friendly populations

There is an iucreasing requirement for anthropometric data on the populations of

iriendly countries to whom we may supply military aid. Data have been collected from several
NATO countries and are beinganalyzed, Similardataare being collected for other populations.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONVERENCE REPORT

Cohen, A, The effect of insslating the palm and back of haads on finger cooling, Technical
Report EP-153, U.S. Army, UMR&E Command, Natick, Mass., Jun. 19f1.
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Crist, B. A devic?y for measuring the size and shape of the available visual Hield durug tre
wearng of Army headgear. Technical Report EP-152, U.S. Army, QMR&E Command,
Natick, Mass., Jun. 1951,

Kobrick, J.L. Compatibility of personal equiprient with workspace. E.M, Bennett (Ed.},
Human Factors in Technology, McGraw-Hill, New York, N.Y., available Oct, 1962.

Mcinnis, J.M, Human factors evaluation of the lightweight mobile printing set, Research
3tudy Report EPR-3, U.S. Army, QMR&E Command, Natick, Mass., Apr. 1962,

McGinnis, J M. and Zimmerer, T. Human factors study of QMC clothing and equipment
during cold weather tests of the PERSHING maesile system. Kesearch Study Report
EPR-1, U. S. Army, GUMR&E Command, Natick, Mass., Apr, 1962,

McGinms, J.M, and Zimmerer, T. Human factors study of QMC clothung and equipment during
cold weather tests of the SERGEANT missile system, II. Research Study ‘Report EPR-2,
U.S. Army, QMR&E Command, Natick, Mass., Jun, 1962,

Senna, J.F. A preliminary study of the effects of target masking, aircraft speed and aircraft
altitude on the performance of an aerial observer, (in publication).

C. BIOGRAPHICAL DIRECTORY OF PROFESSION.AL PERSONNEL

BASILIO, KENNETH C., Research Psychologist, M.A,, Boston Unmiversity, 1959, Physiological
and sensory psychology.

BURSE, RICHARD L.; Biologist; B.S,, M h s I of Technology, 1958, AMT,
Harvard Umiversity, 1962, Physlologlcal psychology, biophysics; Member, NationalScience
Teachers Association, Society of American Milhitary Engineers.

CRIST, BRIAN, Engineering Psychologist, M.A., Boston Unmversity, 1957; Engineering
psychology. PP design, Member, American Psychological Association, NewEngland

1 A iation, Amencan Association for the Advancement of Science,

Acous!xczl Society of America, Armed Forces-NRC Committee onHearing and Bioacoustics.

DUSEK, E. RALPH, Er.; Head, Engineerang Psychology Laboratory, Ph.D., State Umversx!y of
Iowa, 1951; Human engineering, psychomotor P exper tal design, M
American Psychological A Psy S y, American Association for the
Advancement of Scxence. Sigma Xy, Army Human Factors Engineering Commttee, New
England Psycholog Eastern Psychological Association, Midwestern
Psychological Assocxahon, Armed Forces-NRC Committee on Hearing and Bioacoustics,
Armed Forces-NRC Committee on Vision,

FICKS, FILMORE L., Captain, QMC, Research Psychologist: M.S.. Pennsvlvama State
University, 1952, Human engineering, t design, Member, American Psychological
Association,

CODWIN, WILLIAM C,, Captain, QMC; Mathematician; M.S., Georgia Institute of Technology,
1962; Experi tal design, i

GU’I‘HRIE, KENNETH F., Z/Lt., QMC' Mathematician; B.A,, New Mexico State Umversity,
1960; ics, human eng ing.

KOBRICK, JOHN L., Dr,, Project Leader; Ph.D., Pennsylvania State University, 1953, Engi-
neering psychology, experiiental des:gn sensonmotor performance; Member, American
Psvchological Association, Eastern Psychological A Sigma X1, Armed Forces-
NRC Commuattee on Vision,

LOCKHART, JOHN M., Rescarch Psychologist; M.S., University of Wisconsin, 1961; Learning,
physiological and sensory psychology, statistics; Member, Psi Chi.

McGINNIS, JOHN M,, Dr.; Project Leader; Ph.D., Yale Universty, 1929, Human factors in
systems des:gn, psychophyuology, attitude measurement; Fellow, AmencanPsychologncal
American A for the Ad of S pl inl
P:ychology.
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SENNA, JOZEF F., Captain, QMC, Project Leader, M,A,, Ohio State IMmiversity, 1959, Human
factors 1n systems operations, enginecring psychology,

STEMBRIDGE, GEORGE E., 2/Lt., @MC, Ph.L., University of Maryland, 1962, System opera-
tions in tropics.

TAMBE, JOSEPH T., Captain, QMC, Project Lsader, M.A,, Ohio State Umiversity, Human
fa.tors in systems operations, eng:neering psychology.

TERKRELL, ROBERT M., Third, Pvt., Electrical Engineer, B.S,, Stevens Institute of Techa
nology, 1959, Apparatus design, electronics,

WHITE, ROBERT M., Physical Anthropologist, B.S,, Haverford College, 1939, Applied ph,sical
anthropology, Member, American Association of Physical Anthropologists, HumanFactors
Society.

YOUNGLING, EDWARD W., Research Psychologist, M.S,, University of Massachusetts, 1962,
Engineering Psychology, effects of climatic variables on psychological processes.

ZIMMERER, THEODORE, Pfc., Mechamcal Engineer, B.S,, Rutgers Umversity, 1959, Ap~
paratus design, mechanical engmeering.




8. U.S, ARMY QUARTERMASTER RESEARCH AND ENGINEERING FIELD EVALUATION
AGENCY, FORT LEE, VA,

A. CURRENT_WORK PROGRAM

4 Faeld studies of Quartermaster Items

Date Estimated
Title Experimenter Started Completion

a. Varations in relative T. Burt Jun 1961 Continuing
preference ratings ob-
tained under field vs
garrison conditions

Data are being collected to determine whether the ement of ptability of
cp=rational rations made under garrison conditions can be used to predict acceptance ir the
field

b Development of a J. Sanders Jan 1961 Aug 1962
unified theory methodology (Grant)
for sensory testing and
preference measurement

The objectives of this study are- (1)toformulate a completeiy general sampling theory
for the method of paired comparisons, (2) to prepare a computer program for a solution to
the method of successave categories and {3)towrite a complete review of scaling methodology
m the Thur system of ling with appropriate examples,

« Development of J. Sanders Jun 1962 Continuing
quantitalave measure of {Contract)
combat effcctiveness for
the evaluation of QM
equipment

An important aspect of the eval on of new chemical-biological warfare protective
systems will be to deterrmune the effect they have on the operational efficiency of the infantsy
scldier. This researcn, Leing conducted under contract, wall develop and vahdate objective
procedures for measuring the relevant aspects of comba. effectiveness, The techniques
developed will then be incorporated in the f£1zld evaluations of prototype items as they are
developed,

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

None

C. BIOGRAPHICAL DIRECTORY O PROFESSIONAL PERSONNEL

ASKEW, ROBERT L., Industria! Enginecr, Methods Engineering B h, B.S., 1956; Ind 1al
engineering.

HEMBREE, HOWARD W,, D~,, Scientific Director; Ph.D., 1956; Human factors.

SANDZRS, JERRELL L., Supervisory Technologist, Methods Engineering Branch, B.S., 1962;
Fieia test methodnlogy,
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9. U.S. ARMY SIGNAL RESEARCH AND DEVELOPMENT LABORATORY FORTMONMOUTH,
NEW JERSEY

A. CURRENT WORK PROGRAMS

I. Internal

As part of the product review and value analysis function of the Applications Engineer-
ing Branch, human factors engineering reviews were made of approximately twenty Signal
components, equipments and/or systems.

As part of the Applications Engineering Branch rcseaxch effort in human factors
engineering, two studies were made, resulting 1ina report on the “‘Human Factors FEngineering
Counsiderations of the Infantry Radar MLV-2a"’, and the imtiation of an experimental study of
the relationship betwezn object/image ratio and speed and accuracy of target wdentification
by unaided operators,

Human factors engineering consultation service was provided to USASRDL scientists
and engineers on a varisty of equipments and systems. Representative equipments and sys-
tems are Balloon Launching and Inflation Device, Trap Wars Device, Central Office, Tele-
phone Electrome AN/TTC-12 (XC-2), and the Squad Rzdio Set.

Effort 1s continuing within Systems Techniques Branch in the areas of imagery and
display interpretation techniques, ‘‘real-time’’ interpretation, combining of multi-sensory
information, and the comparison of electromic and optical display methods.

Date Estimated
Project Experimenter Started Completion

a, Human Factors of D.L. Huebner Jan 61 Continuing
Iinagery Interpre-
tation Techmques

The objectxve of this program 1s to experin it “v det vahd, wve data
that are applicadble to he d of and man-machine systems for
the interpretation of imagery from photo, radar and mtrared sensors, A pilot expenmental
study of performance at high rates of interpr has been ducted, and
performance measvres presented A report is in the draft stage, A series of meetmgs have
been imtizted to coordinate Army-wide efforts in Human Factors in Imagery Interpretation.
An mtial meeting in April 1962 included representatives of Project Michigan, HumRRO,
USAPRO and USAEPG,

2. External
Estimated

Project Title Firm Date Started Completion

a. Study of Human Informa-  Applied 16 June 61 15 June 1963
tion Handhing Rates Psychological
Services

This study developei a facility for the evaluation of displays developed by USASRDL
scientists aud engineers. The facility enables measurement of the capacity of a display to
transfer information to an operator, and the effictiveness of the operator in acting on the
transterred mtormation,

Estimated
Project Title Farm Date Started Completion

b Human Engineering Dunlap and 1955 continumng
Studies of Signal Corps Associater, Inc,
Systems and Equipments

The purpose of this work 1s to provide service in specialized areas of human factors
engineering to USASRDL engineers and scientisfs engaged on particular projects., Current
projects are: Tne UNICOM Subscriber Subsystem, Study of Auditory Sigral Characteristics
for Doppler Ground Surveillance Radar Systems, Human Factors Design and Systems Study
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for a Second Generation Laghtweight, Handheld Radar Set, Human Factors Engineering Study
of the Visual Airborne Target Locator System AN/UVS-1, Human Factors Enginecering
Review of Radio Set AN/GRC-106, Environmental Conditions in Signal Corps Enclosures,

Estimated
Project Tatle Firm Date Started Completion
. ¢, Study of the Human Factors Ford/Aeronutronic 1 July 62 30 June 63

Aspects of Rehabilaty
This study 1s concerned with feasibility of quantification of the human factors aspects
of relrability, and the possible appiication of quantified relzability theory to the development
of Signal Corps equipments and systems,
B BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT
Huebner, D.L., Time and Error in Humar Recogmtion of Arabic and Binary-coded "‘
Decimals, USASRDL, Technicai Report 2250, Januery 1962 .

Apphied Psychology Corporation

Fimal Report on Contract Nr. DA-36-039-SC-78328, DA Project Nr 3-99-00-110,
“‘Human Factors Ratings in Design of Signal Corps Systems.”’
Applied Psychological Service
First, Second, Third, and Fourth Quarterly Progress Reports on Contract Nr DA-039
S$C-87230, Project Nr 3A9% 01 001, “Information Transfer in Display - Control Systems.””
““I. Survey and Variables Included in a Proposed Display Evaluative Index,”’

‘“II. Exponent Determination and First Applications of a Display Evaluative Index,’

““HI, Further Applications, Relability, and Validity of a Display Evaluative Index.’”
“IV. Summary Review of the DEI Techmque.”’’ e

Dunlap and Associates, Inc

It following human factors engineering studies in support of specific USASRDL projects
were completed under Contract Nr DA 36-039-5C-78921.

“‘Design Parameters for the AN/PPS-6 Radar System’

“‘Dwell Time, Noise and Target Type, An Experimental Study of Aural Detection of .
Radar Targets’’

“*Guide to the Coding of Controls'"
C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

Applications Engineering Branch

Griffath, Paul E,, Chief, Appli Eng ing B h; B,A. Carleton College 1929, 3
Ceramunications, Member, Acoustical Society of America, Sigma X3, Senmior Member, -
IRe, . .

Hennessy, John R., Chief, Human Factors Engineering Section, M,A., New York
University, 1949, Mathematics Education, Member, Human Factors Soczety.

Reinhart, Alfred G,, Electronic Engineer (General), Human Factors Engineering Section,
National Radio Institute, 1930,

Systems Techmques Branch

Huebner, Danel L., Research Psychologist; M.A. The NewSchool for Social Research,
1955, Perception and Learming, Member, APA, EPA, IRE,
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10. U.S. ARMY TRANSPORTATION RESEARCH COMMAND, FORT EUSTIS, VIRGINIA

A, CURRENT WORK FROGRAM

] 1. Program inciudes the continual review of a limited number of the items of the

Tr on Corps eq t during the period that these items are being cencerved,
des- gned and developed This summary review has to do with the design and recommended
metaod of operation of this equipment from the viewpoint ¢f human use. This type of re- N

] view usually includes one or more of three approved approaches’
1 a, Laboratory test which normally involves simulated use of an item.

I b, Field test, usually performed when an item 18 in an advanced’stage of develop-
ment.

¢ Provide advxaory service on the apphication of known humap factors engineering

Pr ples to the equip gners,
2. Supporting Research Date Estimated
Project Experimenter(s) Started Completion
2. Awation Crash Injury F, P. McCouat Sept 59 Continuing 3
Research W. J. Nolan

TRECOM
Flight Safety
Foundation, Inc.

The program object: 18 to elimi or greatly reduce those factors which
cause or contribute to m;ury and death of personnel involved in survivable type Army .
aircraft accidents. Through a contract with the Flight Safety Foundation, Inc,, New York,
New York, rescarch is conducted in fields related to Army Aviation Safety, with particular
emphasis placed on crash injury and crashworthiness programs. Accident investigations, &
statistical Znalysis, training, and human factors areas comprise much of the work requare- C .
ments specified in the contract; however, the majority cf the cffort expended this year has
been .n the form of experimental research, This research has consisted of dynamic crash
tests of fully instrumented Army-type helicopte~s and the fabrication of an experimental
fire suppression and inerting system for radial engines. Two remote controllel crash tests
are planned for FY-63 which will incorporate both Crash Injury and Crash Fire instrumen-
tation. Data from these tests, when vahidated by, and correlated with, data to be derived
from future i ts, will p: d luable infurmation upon which to base recommenda-
tions for c‘:anges to apphcable Military Specifications and aircraft ~nd component design.

b, Vehicle Vulnerability E. V. Merntt Feb 59 Continuing .
and Crew Protection TRECOM
D. W, Mowrer
BRL
Capt. J. F. Seuna
QOMRECOM

The program objective is to determine the degree of vulnerability of Army
aireraft and the optimum degree of protection which can be provided for a:r crews through
the combination of pexsonnel armor and aircraft armor.

The work dealing with protection of Army aircraft crews from small arms fire
continues, A protection concept was formulated and systems desig: for ral i
aireraft. The system varies in weight and configuration dependeri on the degree o{ pr...c:»
tion dreized (full or partial coverage) and the range at whxch pr tion is d d
related to air crew prot are being d

(1) Vassbility Restriction Study: Teo determine the cffects of reduced vasibalny
occasioned by installation of protective system on pilot performaace.

{2) Effects of Ailitude and Speed on Air Observer Ferf e Tod
the optimum altitude and speed for detecting and identifying ground targets, this will :n
turn perrmt a higher degree of accuracy in identifying the threat in terms of specafic weap-
ons. The bility of the ft may then be detexmined in relation (o the threat and
tradeoffs made as req\nred
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Tie perscine' pratection conzept as formulated for Srmy a'rcraft has bedn
a;plied 17 shallow draft boats, aad Studirs are currently being directed to applicatirn of
the corcept to Sther grornd vehirles,

c. Gust Accelecation Svnu- “fartir R, Copp 1 July 62 1 May 63
lator Study Robert L. Brugh
TRECCM

North American
Awiation, Inc,

The cbyject.ve of the Lrogram 1s to study the effect of variations in gust acceiera-
tin frequen:y and amputude upon the performance of the crew of an airerast oper?*'ng2 in
a low alltude, Tiph stbsonic spesl envar ¢, The lation of the ticzl mot
due 1o turbulence wiil be plishud by thr movement of human suljects in a flisht
-imulator which pesimts vertical motion to he controllrd, Realistic tasks will be assigned
cc the crew {pilol ~ad cbserver) and from the resuits of the study the depree of perform-
ance desradation which may be tolerated jn a ru>tained turlulence environmint mH be
determised.

B. BIBLIOGRAPHY Ct PUBLICATICNS SINCE LAST GONFERENCE REPOR’
{1} la<service Studies

Mowrer, D. W., “‘Passiv~ Protection {>¢ th: Personael of HU-1 Helicoptex.,”” USATRECOM
Proect Numsber 9R95-20-001-02, Novembes 1961,

Mowver, D, W, “)asnve Protection of Army Aircraft,” USATRECCM Project Number
CR95-20-001-02, Lecember 1961,

{2) Contract Studies

Coraell Aescnautsvat Labnrstory. Project TRACE, Acrial Observer Effectiviness and Nap-
of ¢the-Eurth, CAL Repoat No, VE-1591-G-1.

Flight Safcty Foundaticn Staff, U. S. Army HU-1A Bell Iroquois Hrlicopter Accident, Fori
Bragg, N. C., USATRECCM Teckmcal Repgrt 61-35, i961,

Flighl Safety Foundatior Staff, G-91 sircraft Accident Investigation, Fort Ruclker, Alakama,
USATRECOM Techmcal Report 61-91, 1951,

Fiizht Safety Foundation Staff, Prediction of Degree of Injury from Impact and Damage
Variables in Lightplane Accident~, USATRECOM 1echnicai Report 61-94, 1961,

Flight Safety Foundati taff, Relationshis Beiween Impact Variables and Injuries Sus-
tuined m Lightplane Accidents, USATRECC:4 Techmcal Report 61-95, 1961,

Fiight Safety r'oyndation Staff, Injury Sever-ty as Rclated to Seat Tie-Down and Belt Fail-
ure, USATRECOM Teclaucal Report 61-94, 1961,

Flight Sa.ety Foundatien Staff. Limits ot Seat Belt Protection During Crash Decelera-
tions, USATRECOM Techm.al Report 61-1:6, 1961,

Thyht Safety Toundation Staff  Factor Anal

¥ ol
Variables, USATRECOM T¢chnical Report 61-122, 1961,

of Lightplance Accident Impact and D
p d

Flight Safety Foundation Stuff. U. S. Army H-21 Vertol Shawnee Helicopter Accident,
Tebyhanna, Pa,, USATRECOM Techmcal Report 61134, 1961,

Fligl: Safety Foundation Staff. U, S. Army L-19A Aircraft Accident, Holloman AFB, USA-
TRECOM Technical Repor. 52-9, 1962.

Fligat Safety Foundation Staff. 1. S. Army HU-1A Bell Iroquois Helicopter Accident, Fort
Carson, Cclo., USATRECOM Techmecal Report #2-10, 1962,
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Fhight Safety Foundatica Staff, U, S, Aimy Aviation Crash Injury Rusearch, USATRECOM
Terchmeal Repor~ 62-13, 1962,

Flight Safet; Found Staff  Break y Fuel Concept, USATRECOM Techmcal Report
62-37, 1962,

Flight Safety Feundation S.aff, S 2B Snow Aeriat A tor Aarcrait Accid USATRECOM
Technical Report 62-43, 2702

Flight Safety Foundation Staff, Modifications to the Passenger Seat Belt Tie-Down Altach-
ments in the U, S. Army HU-1 Series Bell Uroquois Helicopter, USATRECOM Technical
Report 62-45, 1962.

Flight Safety Found Staff, Dynamic Test of an Experimental Troop Seat, USATRECCM
Technmical Report 62-48, 1962.

Flight Safety Foundaticn Staff. Helmet Des:ign Criteria Based on the Army AFH-5 Helmet
Evalvation, USATRECDM Technical Report 62-57, 1962,

Flight Safety Foundation $*2ff, U. S. Army WNational Guard H-13E Helicopter Accident,
Amityville, New York, USATRECOM Technical Report 62-64, 1962,

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

BRUGH, ROBERT L., Aerosp E: , Aer hani Divasion, Aviation Directerate.
BS in Aeronautical Engineering, ergxma Polytechnic Institute, 1962,

KOPP, MARTIN R., Aerosp Engi , Aer hani D. , Aviation Darectorate,
BS in Aeronautical Engineering, New York University, 1946.

MCCOURT, FRANCIS PATRICK, Awv:ation Requirements Technical Adviror, Technicai
Directorate,

MERRITT, ELMER VERNON, Armament & Vulnerabihty Branch, Design & Performance
Division, Aviation Directorate.

NOLAN, WILLIAM JOSEPH, Research Analysis Division, Aviation Directorate,
REED, JERRY LEE, 2/Lt, TC, Armament & Vulnerab:lity Branch, Design & Performance

Division, Awiation Directorate. BS in Aeronautical Engineering, The Agricultural &
Mechanical College of Texas, 1960,
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11. U.S. ARMT BOARD FCR AVIATION ACCIDENT RESEARCH, FORT RUCKER, ALABAMA
A, WORK PROGRAM

1. Program imcluice on-mte invest'yation of Army awrcraft accidents and continual
review and annivsis of -ccudent investigation reports. Tha purpuse of this program is
tr learn about the huwrian ccaponent >f accident prevention since people plus tardware
equal acciderts  Inteiently lae accomplishorint ol this objective encompasses the broad
spectrum of Lurian Jactors wdicated by the following ar>as:

a. Physiologisal - phky_ lcal stress in flight; fatigue; sensory organs, vertigo and
tHus‘cns: thysical f*ties~, ~ijury causation and preventron, autopsies

b. Psychologitil - raan-mac ine Telationship, experience and knowledge, psychos
mota ' snille 21 1 errors astentior and errorsof attention, perception and errors of
Ferccpiion, jrogewent and errors of yjudgment, training and selection,

2. The Axta gashered in the cited areas are for the primary purpose of enhancing the
mission cagahilitr of Ariny aviation. The data are usud widely, inciuding the ecarliest stages
of the lLifr cycle of nev awroraft, the modification of exasting aizcraft and 4s a source of
tecd-back Jf trawr.ng ark operaho'n) programs.  In addiaon'the dJata are used in the prepa-
ration o reports, pr anx t for new or revasions to existing specifi-
cations and/or rzgulstions, So’ne of the specific aceomplishments of the past year are:

a. Equgmert Evaluavon

HJ-1B&D Model Spcciﬁutionl

HU- IR Safety of Flight Inspe~tion

HU-1E Ceatractor Tecrmcal Compliance Conference
HU-!D Design Enguneering “nspuctitn

LCH Mockuo Inspection

LCH Plan of Tect

AC~1 Contractor Techiical Complhance Corference
AC-1 Model Sprcification Review Confereiwce

Army Aircraft Crowman's Helmet

Martin Baker 110-1 Ejection Seat

NpwerE

SO N

Reports

HU-1 Seat Fubures

FlLysiological Fzctors in Army Aircraft Accxdent Causation

Army Aviation Cvewman Helmet Experience

A CTomp-=rison of Army Rotary and Fixed Wing Fire Accident Experience
A=my Fixed Wing Acsidents Involvang Fire

Role ot Pilot Faclors iec Army Helicopter Acsidents

Role of Pilot Fastors in Army Fixed Wing Awrcraft Accidents

Y Y Y AR

Presentations -

1 "Fuameten of Heac Injunes," Army A:rcr-vmans Helmet Task Group,
aMmc, 2nd B C Nat -

2, 'Helxcop!er vs Tixed Wing Craan Inyuries - m" Experience, 33rd Annual
Scientific Meetang of Aerospace Meaical - .-,.ion, Atlantic Caty, Ney
Jersey

A

Preoventior Through Radu Af Error,”’ Aviation Safety
Seminar. Fort Campdell, Kentucky

“‘Level and Prior:ty of Frotective Requirements,”’ Office of Surgvon General,
Washxngton. D, C.

“Summary of Array Alrcraft Accident Experience Since 1958,'" Joint Com-
mxttwe on Aviatinn Pathology, Toronto, 4’anada

““Army Experience with Crath Injuries and Protect:ve Equipment,’’ Symposium
on Biomechamcs of Head Injury & Body Restraint, Naval Materiel Center,
Phxlzdelphxa Pennsylvania

“‘Helicopter Acciderts Invilving fh-e." Aviation Committee-National Fire
Prevention C , Detroit, Michi
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B. ORGANIZATION - Fhe hurran aactoss effort 1s «losely coordinated wath the otlier funce
tions of the Analysiza and Ssscarch Division in order to cover the spectrum of human
factors as a source o1 causation ip aircraft weid=nts,

| pirECTOR |

ANALYSIS AND
RESEARCH DIVISION

R : !

i Tramning ,_! ~ocessing |
| SNEUSURIIERGHDE S

———d

(]| el
Zngineering { Operations & Data HUMAN FACICRS
- ; -

3

2 - Fhisht Sy<georn

1 - Awatios Payclologist

1 - Crash Injuty Analyst

1 - Pericaal Equipment 2rg
Survavdi Specialist




1., U.S. ARMY PERSONNEL RESEAR.H OFFICE
&, “GUR? ENT WORK PROGRAM

1. The U, S, Aimy Personne} Researcn Office (APRO) carrics out RDT and E funded
Project OJ95.6u-001 to underiake suiiiey and veseavch in the fields of selection, classifie
catie), managem?nt, and utilization xs approvad by the Chief of Research and Development,

a, To corry out appropriate studies an? resciich in selection and classification,
APRO develops psychclogical, psychometric, and mathematical models through which the
best candidates for successfui training or ,oc assijument are identified from a large appli-
sant pool, ond optimum matci of mer to joni 18 accomplished when a large pool of appll-
cants mast he distributed to tramming or jov au\gnmcms.

t. Research in pursonnel ¥ at - ted 0
ment systems. Emphasis iz placed on problem> amenzhle to a x-eunch approach generally
anvolving the use of scientific experimentation and conctruction of muthematical m.odels.
Such rescarch takes into account manpower flow ~nd reCuirements, comminicatiorn channels,
information flow, formal orgamzational stzucture, and individual diffevenc:s a2 they affect
the performance of the system.

<. Rerearch in persornel utilization invdlves the develipment «nd appication of
hurn factors knowleage ana techmques to tke xmp'cvement of Army mac-machine systems
for the promotion of more effi idual and unit perf on tne job. Personnel
utilization research takes into account needed balance between man and machu capabihtier,
psychclogical and behavioral himits of king demends, and facto-s ‘n wor:. environmazat,
including unusual as well as typical conditions of the job.

2. The current work program {FY 63) consists of 13 xosearch tasks carried oul by four
research lzburatories:

The Militagx Selection Research Labora!nr‘- conducts human factsy. research
wnth parhcn r ¢mphasis on development of tec! ues ov sslecting and clascifying enlisted
personnel of the U. S, Army.

(l) INPUT QUALITY TASK (Methods for !mprovmg Enilsted Input Quality).
Rewearch infor on oper: 1 screening probl ntor and methade
for improving future forms of mpnt tests, methcds o= extxma!m,, raental abilities of the
civilian pool available for service, develop t ond umpl t. of AFQT ond auxillsry
instruments,

(2) NEW CLASSIFICATION TEGEINMIUES (New TechniGues for Enlidtea Clasii-
fication). Periodic introduction of new and xmprovrd instrurents irto the ACB, dévelnpmrnt
of measures predicting what men will do in tramin' and on the job in relation to what thay
can do, identification of personal and si iomal facton leading to changes of carser inten-
tion, devclopment of measures of physical proficiency ~elevant to Army foks-

{3) CIVILIAN RESEARCTH TONSULTATIOM (Consultative Assistance on Civilian
Personnel Rerearch). Application of previous civilian and military persoenel research to
currend civilian personnel problems, evaluaticn of propesals for new research on civilian
personnel problems,

b, The Combat Systems Research Laboratorv focases its research effort on anslysis
and solution of human factors problems (other than .ramir.g «r human engineering problams}
m present and future man-machize systems, as relited to direct cembat effectiveness,
Particular attention is paid to the con.bat capability oi individuals and of umau groups

tngether with their ccuip under psychol 1 and euvx:

{4} FIGHTING VEHICLES {Identifacation and -hasm-(.ment otPsychologxcalFactors
Related to Operahon of Fighting Vehicles), Humar frotorak 1
€omp and o ion of personnel wathin an armored tactical system.

(5) FUTURE COMBAT (Personns} Planning and Utilizati"n in Combat Organyza-
tions). Estimating of total Army personnel requiremvnts, including delermination of perzon-
ner sequirements arising from new weapons Sretems, probahle t::tical areas of personnel
shortage and overage, and improved selection, claseificztion, 2nd uial jon through use of
computers,

{6) MONITOR PERFORMAX"CE (’.nndable Perform«nce in Monitor Jobs).
Iraprovement of work thods and for a broad spectrum of critical
U. S. Army monitoring jobs having a vigilance ccmpor_ent. and improvad utilization of per-
sorxel for the Army Security Agency.

<. The Support Systems Peseazch Laboratery focuses its research effort on analysis
and solution of human Jactors probiems (other than traiming or human engineerag problems)
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in presant and 1.ture man-rachine. systems, 43 related to combat support activiies {tech-
nical services type syster.s, ¢€.g., combat surveil’ance, image mterprecation, electronics),
Particular aftention 18 paid (T enhanciag the capability of individials in sinall groups, their
work methods, 1nd tueir dverall effectiveness in the system s-tuation.

() IMACE INTERPRETATION (Psycuological Factors in I-wzge Interpretation),
Performance standerds and selection tests for image interpreters, improved techniques for
aunzge interpretation, infcrnation as to optimal linmuts of sustamed work and time demanas
ard 25 to the photo qualities which influence accuracy, cormpleteness ard tureliness of
inteipreter performanse.

ie) IMAGE SYSTEMS {fmnage Cwstems Integration), Approaches that maximize
grouy anterpreter productivity in typical missions, improved means of requesting informa-
Jon from interpreters ana of sommaunicating the infurmation extracted Dy interpreters,
information establishing the utility aad human factors requiremerts for real-time image
systems, anl determination oi hurmman .sctors probleins and difficulties likely to arise in
new image systems when used in tastical sperations.

(9) ELECTROWICS {Seicction and Utilization of Electronics Personnel). Im-
proved assignmert of electronius versonnw, ‘through differential identification of aptitude
for MOS of high and low le.els of complexity, improved general level of on-}0b performance,
smprov.d utilrzation of human abiit m plex 1 h systems by specification
of effecuve individual and group work hods and haq and ovjective performance
mezsurcs for the evaluation of systex. and sub-system effectiveness.

d. The Pehivioral Evaluation Readearch Laboratory specializes in human factors
rese_rch required for the identification and utalisation of speci?l Army per 1 off;
NCO’s, fighting personnel, special warfare personncl—upon whom critical psychological
aud physical demands are made.

(14} OFFICER PREDICTION (Prediction cfEffective Officer Performance). Maxi-
—~um ubiizatisn of available officer talent in the Army of the fature through definition of the
specific demands of each type job assignment, racogrution ot aphitudes and ch istics
related to competent performance in specific jobs, and improved criteria for the selection
or carly 1dentification ¢f potential officers.

{11} CADET LEADERS (Psychological Measures for Use in Primary Officer
Selection and Etalualion Frograms), Increa’sd quality and career motivation of USMA,
ROTG, and OCS giaduates through the use of impraved selection and evlauati
of cadets and officer candidates,

(12) NCO LEADERS (Selection of NCO Leaders). Screenming techniques to identify
upor. entrance icto the Army those persons with greatest likelihood of developing NCO
abilitirs and screening techniques to use with an LM after he has wccumulated sufficient
experience and traimng, to be used in conjunction with other evidence to identify those
persons most likely to become good combat NCO’s,

(13) COMBAT SELECTION (Army Classificalion Tests for Combat Selection).
Development of iinpvoved personality measures for use jn 1lentifying more effective person-
nel for combat MOS. use of rating instruments to increase substantially the effectiveness
of selecting combzt personnel, ani technijues to select an increasing number of successful
candidates for Ranger and Special Forces training.

tastical « and p g support and data p: g and 2nalysis services for the
research activities of the other laboratories,

3. A fifth Wb y, the S cal Res2arch and Analysis Laboratory, proviles sta-

4, The Combat Systems and Support Systems R h Lab 1es are particularly
d with hine and hence lead *o ¢ iderable closs i jon with human
engineering laboratories.

S, The complete APRO progrem is of intcrest tn personnel engaged in human factors
enyrmecring activities and is avaslablu upon request from tke U. S, Army Personnel Research
Office, Washingtor. 25 D, C,

B. RERRESENTATIVE TECHNICAL RESEARCH PUBLICATIONS
TECHNICAL RESEARCH REPORT

Bayroff, A. G. Methods for imp g enlisted input—Status Report, 30 June 1962. APRO
Technical Research Report 1125. July 1962.
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Dobbine, !;. A Momtor Performance Task—Status Report, 30 June 1962. APRO Techmcal
Reseaxrch Report 1123, June 1962,

Helme, W, H., Grahawn, W. K,, and Anderson, A, A, Develop t of ACB A 1ve Ine
formation and Clerical Speed Tests, Forms 3 and 4. APRO Technical Rescarch Report
1122, March 1962,

Helme, W. H. and Katz, A. Attrition Reduction Task—Status Report, 30 June 1962. APRO
Techmcal Research Report 1124, June 1962.

Heime, W. H. and Waters, L. K, New Cl tion Techniq Status Report, 30 June
1962. APRO Technical Research Report 1126, July 1562,

Medland, F. F., Hammer, C. H., and Frankfeldt, E. Selection of NCO Leaders—Status Re-
port, 30 June 1962. APRO Technical Rescarch Report 1127, June 1962,

Wiskoff, A:, F. Selection of Anti-Tank Missile Gunners-.Status Report, 30 June 1962,
APRO Tcchniczl Research Report 1128. June 1962.
TECHNICAL RESEARCH NOTES

Barnbaury, A, H, Human factors research in image systems—Status Report, 30 June 1962,
APRO Technmcal Rescarch Note 122. June 1962,

Brown, Emma E.,, and Kaplan, F. Abstrocts ot USAPRO Research Publications—FY 1962,
APRD Techmcal Research Note 123, August 1962,

Brown, Emma E., and Walton, Ruth T, Abstracts of HFRB Research Publications—FY 1961.
HFRB Techmecal Research Note 116, August 1961,

Dobbins, D, A., Skordahl, D. M., and Anderson, A. A. Prediction of Vigilance* AASHO Road
Test. APRO Technical Research Note 119. December 1961,

Dobbi D. A, Tied J. G., and Skordahl, D. M. Field Study of Vigilance ander high-
way drivang diti APRO Technical Research Note 118, December 1961,

Klieger, W. R., Sargent, B. B,, and Dubisson, A, U, Poor Ratings as Predictors of Dis-
ipl y Probl . APRO Tech 1 R ch Note 124. July 1962.

Ringel, S,, and Smith, P, F, Tracking performance in the missile master— Target load,
O T

tracking time, and rated profi Y.

hnical Research Note 121, May 1962,

Rosenberg, N., Skordahl, D. M., and Anderson, A. A. Development of experimental selectors
for Army helicopter pilot trainees—personality constructs. APRO Techniczl Research
Note 115. August 1961,

Sadacca, R., Castelnovo, A., and Ranes, J. Human Factors Studies in Image Interpretation:
The Impact of Intelhg Infor ion Furnished Interpreters. APRO Techmeal Re-
search Note 117, August 1961,

3adacca, R., Ranes, J. E., and Schwartz, A, L Human factors studies in image interpreta-
tion: Vertical and obhique photos. APRO Technical Research Note 120. December 196},
RESEARCH STUDIES

Dobbins, D, A., and Skordahl, D. M, Survey of U. S. Army Mowtor Jobs. APRO Research
Study 62-1. April 1962,

Fuchs, E, F., and Katz, A, Enlisted Women in Electronice jobs—Administrative Feasibility,
APRO Research Study 62-4. July 1962,

Hammer, C. H. Survey of joned officer d for criterion development
purposes. APRO Research Study 61-4, December 1961
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Ringel, 5. Human Factors research in complex electromc eystems. APRO Research Study
61-3. July 1961,

Ringel, S. Increasing personnel effectiveness in electronic systems—Status Report, 30 June
1962, APRO Research Study 62-5. June 1962.

Sternterg, J. J. and Hardy, G. D, Fighting Vehicles—Status Report, 30 June 1962. APRO
Ri:search Study 62-2. June 1962.

Willeman, lg. P. Prediction ot Effective Officer Performance. APRO Research Study 62-3.
Jure 1962,

APRO PAMPHLETS
Berkhouse, R. G. Army Classification Test for Combat Selection, June 1962,

Dobbins, D. A, and Tied J. G. Dependable P in Army M
April 1962.

Fuchs, E, F. and Helme, W, H. The Aptitude Arca System. Maxch 1961,

Karcher, lz. K, and Berkhouse, R. G, Combat Simulation for Human Factors Research.
Juze 1961,

Medland, F, F, and H: » C. H. Selection of NCO Leaders, March 1962,

Uhlaner, J. E. Human Factors Research in The Adjutant General’s Office. July 1961.

Uhl. » J. E. Responsi to DCSPER Objectives. December 1961.

Uhlaner, J. E, Human Factors Research in the U. S, Army Personnel Research Office,
Jaruvary 1962,

Ublaner, J. E. Human Factors Research in the U. S, Army Personnel Research Office,
June 1962,

Willemun, L, P, Prediction of Effective Officer Performance. April 1962,

JOURNAL ARTICLES AND PAPERS PRESENTED AT MEETINGS OF PROFESSIONAL
ORGANIZATIONS

Bairnbaum, Abraham H. An Evaluation of Photo Display Modes for Extraction Intelligence

Infor: Paper p. ted at the Eighth Army Human Factors Enginering Con-
ference, Fort Benmng, Georgia. 16 - 15 October 1962.

Bairnbaum, Abraham H. Effects of Sel d Photo Cha. i of D t. and Identifi
tion. Paper presented at the Symposium of Photo Izterpretanon sponsored by the In-
ternational Society for Photogr: ry, Delf, Neth 29 August - 5 September
1

Roldt, Robert F. A Multivarate Function useful in Personnel Management Models. Paper
presentsd at First Army Operation Research Symposium, Duke University, Durham,
North Carolina. March 1962.

. E. and Sadaccea, R, The Effcct of Aumlliary Intellig Information on PI
b3 -f.‘:nance. Paper presented at the 27th Annual Mseting of the American Society of
I’hotogrammetry, Washington, D. C. 19-25 March 1961,

Castelnovo, A, E, Effects of Atmospheric Noase Level and Work Methods on Radio Telephone
Message Transcription. Paper presented at the Ejghth Army Human Factors En-
gineering Conference, Fort Benmng, Grorgia., 16-19 October 1562,

Dobbms. D A, Skordahl, D, M. and Tied J. G, Vigil under Highway Driving
d at the Highway Research Board Annval Convention, Waghing-

Pap
ton, D, C. J’anuary “1962.
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Graham, Warren R, Development of a Theoretical Classmfication Index. Paper presented at
the annual convention of the American Psyihological Association, Chicago, Illinois, 31
August - 7 September 1960,

Grabham, W. R. and Johnson, C. D. An Experimental Comparison of Inventory Validity
Obtain=d Before and After Work Experience. Accepted: Journal of Applied Psychology
for publication about February 1963.

Grakam, W. R. and Johnson, C, D. An Experi tal Comparison of I ¥ Validity Ob.
tained Before and After Work Experience. Papcr presented at the annual convention
of the American Psychological Association, St. Louis, Missouri. September 1962.

Haggerty, Helen and Stubbs, Joel R. Prediction of Field Grade Officer Performance o. West
Point Graduates, Paper presented at the annual convention of the American Psychologi-
cal Association, St, Lows, Missouri. September 1962,

Kotula, L, J. Evaluation of Personality Test Forms used inthe Army Reenhistment Re-
search Program. Paper presented at the annual convention of the American Psychologi-
cal Association, St. Lowss, Misscuri. September 1962.

Orleans, 1. D. and Birnb A, H, Validati of a Selection Battery for Army Civaliarn
Supervisors. Paper presented at the annual of the A i Psychological
Asscciation, New York City, New York, September 1961,

Sad: Robert. Develof t of New Technmiques for use In Image Interpretation Systems.

Report - Seventh Annual Army Human Factors Engineering Conference 3-6 October
1961, 221, 1961,

Zeidner, Joseph, Requxrements for Research on Psyckolog:cal Factors in Image Int«<preta-
tation, N of S N 1 R ¢ch Council, 158, 1962,

*Depattment cf The Amv Poohlat No £11.2  Amvy P I Teets ond M Headmarters, Depyt af The Aray

June 1962

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL-.Orgznizational mailing
address is U. S. Army Personnel Research Office, Washington 25, D, C.

ANDERSON, ALAN A., Research Psychologist {(PMandE); MA, American University, 1958,
Fsychology

ANDREWS, ROBERT S., Research Psychclogist (General); MS, William and Mary College,
1958, Psychology; Assoc APA, SEPA, AAAS, Va. Acad of Science

BAYROFF, ABRAM G,, Task Leadcr; PhD, University of North Carolina, 1931, Psychology,
Fellow APA, EPA, DCPA, AAAj3, SEPA, Sigma Xa, So, Society for Philosophy and Psy-
chology

HERKHOUSE, RUDOLPH G.,, Task Leader, BS, Ohio State University, 1940, FPsychology
{ail work toward PhD completed except dissertation - American University), Member
APA, Psychometric Soceity, Ps: Chi

BICTLOW, GEORGE Y¥,, iIntelligence Operations Specialist; AB, Howard, 1938, English,
American Society of Photography

BIRNBAUM, ABRAHAM H,, Task Leader; PhD, New York Umversity, 1957, Psychology;
Member APA, EPA DCPA

BERSH, PHILIP J,, Chief Research Lab y; PhD, C bia Umversity, 1949, Psychology;
Fellow APA, AAAS, Sigma Xi, Psychonomxc Sqcietv

BOLDT, ROBERT F., Task Leader; PhD, Princetcn University, 1962, Psychometrics; Mem-
ber APA, EPA, American Stat, Assoc., Psychometric Society, Sigma Xa

319




BROGDEN, HUBERT E., Chief Scieatist, PhD, Umiversity of Hllinois, 1939, Psychology, Fel-
low APA, DCPA, Signa Chi, Psychometric Society

BROWN, EMMA E., Rescarch Fsychologist, MA, Umversily of Cviviado, 1327, La
Member APA, Ps: Chi, DCPA

BURKE, LAVERNE K., Rescarch Psychologist (PMandE), MA, Ohio State University, 1935,
Psychology (all course requirements and language examinations completed toward PhD,
American Umversity, Statistics), Member APA, EPA, DCPA, Psychometric Soceity,
American Stat, Assoc.

CASTELNOVO, ANTHONY E., Research Psychologist, MS, Kent State Umversit 1950,
Psychology

CORY, EERTHA H., Assistant Chief, Statistical Research and Analysis Laboratory, MA,
Unives sity of Rochester, 1941, Psychology, Member APA, DCPA, EPA, American Stat.
Assoc;. Psychometric Soceity, Sigma X3, Phi Beta Kappa

DENTON, BARNETT, Research Psychologist, MA, Syracuse University, 1960, Psychology,
AAPA

DOBBINS, DELANEY A., Task Leader, PhD, Lowsiana State Umversity, 1959, Psychotogy,
Member APA, La. Psych. Assoc, Phi Kappa Pla

DRUCKER, ARTHUR J., Staff Ass:stant, PhD, Purdue University, 1949, Psychology, Feliow
APA, DCPA, EPA, Internation Asscc. Apphied Psychology

DUBUISSON, ADRIAN U., Research Psychologist; MS, University of Auburn, 1955, Psychology

FRANKFELDT, ELI, Research Psychologist, MS, City College, New York, 1938, Psychology.
Member APA, EPA

FUCHS, E. MUND F., Chief, Research Laboratory; MS, FordLam University, 1942, Psychzlegy;
DCPA, Fellow APA, American Catholic Psych, Assoc., Md. Psych. Assoc., Psychometric
Society, AAAS

GIBSON, WILFRED A., Chief Statistical Research and Consultation Unat, PhD, University of
Chicago, 1951, Fsychometrics; Fellow APA, American Stat, Assoc., Psychonomic
Society, Psychometric Society

GORDON, LEONARD V., Chef, Research Laboratory; PhD, Ohio State Umversaty, 1950,
Psychology; Fellow APA, International Association Applied Psychology, Psychometric
Society, WPA

HAGGERTY, HELEN R., Research Psychologist, PhD, Teachers Coliege, New York, 1938,
Education; Member APA, AAAS Nat, Society for Study of Educ.; American Educ. Rsch,
Assoc,

HAMMER, CHARLES H., Research Psychologist (Generalj; PhD, Purdue University, 1958,
Industrial Psychology; Member APA, DCPA, MPA, Sigma Xa

HARDY, GUTHRIE D,, Research Psychologist, BA, Cornell Umversity, 1959, Psychology

HEERMANN, EMIL F., Rescarch Psychologist (PMandE}; PhD, Ohio State University, 1959,
Psychology and Statistics; Member APA, Md. Psych. Assoc.

HELMF, WILLIAM H,, Task Leader, PhD, New Schoolfor Social Research, 1959, Psychologv,
Member APA, EPA

HENDERSON, DAGMY, Systems Analyst, MA, Syracuse University, 1956, Psychology;
A-AAA, EPA, DCPA

HILLIGOSS, RICHARD E,, Research Psychologist; MA, George Washington Universaty,
1960, Psychological Measurement, Member APA, Ps1 Chi

HOUSTON, THOMAS J., Research Psychologist (General), MS, Howard Umversity, 1947,
Psychology
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JOHNSON, CECIL D., Chief, Statist:cal Research and Analysis Laboratory, MA, George
Washingten University, 1951, Psychology, Member APA, Psi Chy, Psychometric Society

KAGERER, RUDOLPH L., Research Psychologist MA, Purdue University, 1958, Psychology,
s
S.gma X1

KAPLAN, HARRY, Research Psychologist (PMandE). MA, George Washington Umversity,
1952, Psychology; Member APA, EPA, DCPA, AAAS, Psychometric Society

KATZ, AARON, Research Psychologist, MS, City College, New York, 1947, Psychology;
Member APA, EPA

KLIEGER, WALTER A,, Chief, Machine Statistical Analysis Umt, MA, George Was ungton
Unmwversaty, 1952, Psychology; Member APA, EPA, DCPA

KOTULA, LEO J., Research Psychologist (PMandE), Phd, Umversity of Pittsburgh, 1951,
Psychology, Member APA, Sigma Xi, Pattsburgh Psych, Assoc,

MARTINEK, HAROLD, Research Psychologist (Gereral), MS, Iowa State College, 1954,
Psychology; M:mber APA

MEDLAND, FRAMCIS F,, Task Leader; MA, Unmversity of Chi
Member APA, Sigma Xa

1948, Psych trics;

MORTON, MARY A., Research Psycholog:ist; MA, Howard Umwversity, 1933 . Education; MS,
Howard Umiversity, 1934, Psychology, Member APA, DCPA

ORLANS, JEROME L., Research Psychologist; MA, Teachers College, Columbia Unaversity,
1950, Psychology (all work toward PhD completed except dissertation - George Washington
Umversity), Guidance; Member APA, DCPA, EPA

OLSON, MARJORIE A,, Research Psychologist, Phd, University of Minnesota, 1949, Psy-
chology; Member APA

ORLEANS, ISSAK D,, Rescarch Psychologist, MA, City College, New York, 1940, Education
(course requir ts for PhD pleted, Teachers College, Columbia Uriversity, Social

Psychology); Member APA, Society for Study of Social Issues, American Society for
Quality Control

RINGEL, SEYMOUR, Task Leader, MA, Brooklyn College, 1952, Psychology, Member APA,
SEPA, DCPA

ROOT, ROBERT T., Rescarch Psychologist, PhD, Umversity of Maryland, 1962, Psy-
chology; Member APA, Psi Cha

SACHS, SIDNEY A., SandE Mathematical Statistician, MA, University of IHlinois, 1960,
Statistics; American Inst. Industrial Engineers

SADACCA, ROBERT, Task Leader, PhD, Princeton Umversity, 1962, Psychometrics;
Psych tric Society, Hi Farctors S tv, Americal Photogrammetry Society

SARGENT, BRYAN B,, Research Psychologist (PMandE); BIE, Georgra Institute of Technology,
1956, General Psychology (all work toward PhD completed, presently writing disserta-
tion, Umversity of Tennessee); American Inst, Industrial Engineers; AAPA, Psychometric
Society

SCHWARTZ, ALFRED L, Operations Research Analyst, MS, Umversity of Chicago, 1943,
Geography; American Assoc, of Geographers, Americn Society of Photograminetry

SEELEY, LEONARD C., Rescarch Psychologist; MA, American University, 1958, Psy-
chology Member APA

SIEGMANN, PHILIP J,, Research Psychologist, Pni, Ohio State Umversity, 1955, Psy-
chology; Member APA, Photogrammetry Society

SKORDAHL, DCNALD M,, Research Psychologist, MA, Umversity of Minnesota, 1958,
Psychology
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STERNBERG, JACK J., Task Leader; MA, Syracuse University, 1950, Psychology and
Statastics; Psy Cha

STICHMAN, EUGENE P,, Research Psychologist, AB, Dartmouth College, 1957, Fsychoioyy,
AAAS

STUB®BS, JOEL R., Analytical Statistician, MS, Purdue Umversity, 1958, Industrial Psy-
ci ology; MPA

THOMAS, JAMLS A., Research Psychologist, MA, Ohio State Umversity, 1945, Psychology,
AAPA, Psychometric Society

TIEDEMANN, JOHN G,, Researcn Psychologist (General), PhD, American University, 1961,
Psychology, Member APA, Psi Chy

TRACEY, ERNEST A., Research Psychologist; MA, American University, 1962, Psychology,
Society Study Social Issues

UHLANER, JULIUS E,, Director, Research Laboratories, PhD, New York University, 1947,
Psychology; DCPA, Fellow APA, EPA, SEPA, Society for Adv. of Mgt., Society for Pers.
Admn., Psychometric Society, Iowa Acad. of Science, AF-NRC Vision Com., NRC-
Highway Rsch, Bd., RDB Panels and Committees

VICINO, FRANK L., Research Psychologist; MS, University of Maryland, 1962, Psychology,
PsiCh

WATERS, CARRIE J, Research Psychologist; PhD, Ohio State Umversity, 1959, Psychology;
Member APA

WATERS, LAWRENCE K., Research Psychologist; PhD, Ohio State University, 1958 Psy-
chology; Member APA, Psychometric Society

WEINBERG, SOLOMON A,, Research Psychologist; PhD, Ohio State University, 1953, Edu-
cational Psychology; Member APA, DCPA

WILLEMIN, LOYIS P, JR,, Task Leader; MPA, University of Pennsylvama, 1955, Statistics,
Psychometric Society

WISKOFF, MARTIN F,, Research Psychologist; MA, Umversity of Maryland, 1958; In-
dustrial Psychology, AAPA, EPA, DCPA, Psi Chi

ZEIDNER, JOSEPH, Chief, Research Laboratory, PhD, Catholic Umversity of America,
1954, Paychology; Member APA, DCPA, NRC-Bio-Astronautics Committee




13. HUMAN RESOURCES RESEARCH OFFICE, The Geovge Washington University, Washington,
D

A, CURRENT WORK PROGRAM*

The HumRRO Work Program :s concerned with human factors research intramung,
moti ation, morale, leadership, and man-weapons system analysis. Research auned at
solving practical malitary problems is carried on by six research groups: the Trainung
Methods Division in Washington and the Armor, Leadership, Infantry, Asr Defensc, and
Aviauon Human Research Units, located at military installations across the country. There
1s also a staff in Washington D, C., which 1s engaged in a project in the area of Special
Warfare. In additior, the HumRRO basic rescarch progr: .1s bemng momtored ia the
Director’s Office Each research group provides 2 Techm Adwvisory Service to assast .
the Army in planning implementation of xesearch results and  meet other Army requests, . -
Exploratory Studies aimed at 1dentifying human factors problems likely to arise in future !
mulitary operations are also being conducted oy the research groups. 1

Follow'ng 1s the list of Tasks, and Task objectives, grouped by functional areas, for
Fiscal Year 1963+

Functional Area 1 Equipment Maintenance SN -

JOBTRAIN - Development of an Integrated Training and On-the-Job Support System for
Electronics Repairman Personnel - -
Objective: Tc develop an integrated training and on-the-30b support system for Signal
Corps electronics repairmen in their first enhstmert, .

i

FORECAST - Development of a Method of For ting Trammng D posed by
New Electronic Weapon Systems
Objectave:  To develop improved methods for forecasting the content of effective and
economical traimng programs fcr the operat: and ma of new electroric
weapon systems.,

MAINTRAIN - Mamntenance Proficiency and Its Relation to Trainging Procedures for Gurded
Miss:le Personnel

Objectave To provide a basis for the P; t of m trasmng of air .
efénse guided rmissile personnel by development of general and comprehensive prin-
=_ples apprapmiate for the guid of such traiming.
VE-TRAIN - Methods for Improvang T g for Aut tive Ma _

Objectiver To develop a new course for the traiming of vehicle mechanics, and to pre-
parc generahized gwdance for improving traning in other automotive maintenance

courses,

Functional Area 2: Equipment Operation

LIFT - Army Aviation Helicopter Pilot Traiming
Opjectave To develop more efficient and more effective training methods for Army
neiicopter piiot traiming.

INTACT - Integrated Contact/Instrument Training

Objective To improve Army flight traimng through the apphcation of the integrated
contact/Instrument traming concept. Specific research goals include (1) developing
relatively objective, analytic, fixed wing flight proficiency measures, and (2) develop-
g and evaluating a fixed wing, integrated contact, 1instrument training concept.

*A copy of the complete 1ok Program foz FY 1963 is avallcble on request o the Dirtector, Humon Resources Reseach Office,
Post Office Box 396, Washingbn 7, D. C

323



LOWENTRY - Methods for Improving Navigation Trarmng for Low Level Flight
Objective. To improve navigation techniques for low level flight and to develop training
methods to teach these skills to aviator personnel,

HELFIRE « Methods for Improving Aerial Gunnery From the Helicopter
Object.ve To develop mnstructional techniques for improving performance inaerial
gunnery from the armed hehcopter.

VIGIL - Methods and Techmques for Improving Performance of A1~ Defense Missile Oper-
ator Personnel

Objective. To develop a bas:s for ts in (1) p dures for performing air
Jelense missile operator Jobs, (2) methods and courses of traiming for these d ties,
and (3) tests of job proficiency and ¥ dg

ARGUS - Analysis of Nuclear Safety Requirements
Objcctive:  To provide an objective basis for evaluuxon of current nuclear safety re-
quirements and p. dures and to P: P pecti and selection tech-
riques where required,

Functional Area 3: Individual Combat Skills

RIFLEMAN - Improvement of the Combat Proficiency of the Light Weapons Infantryman

Objective: To imp the bat profi 2 of zhe .1ght weapons infantryman by con-

ducting research in the area of Ad d T g {AIT) for this soldwer,
SWINGSHIFT - Techniq and T Methods for Improving individual and Squad In-
fantry Performance in Operat; Durmg imited Visibilit:

Objectave. To mcrease the mdxvxdual soldier's effech\eness in infantry operations

during d y by d of 1mp P 2 h and

methods,

OBSERVE - Improved Methods for Trawnang Aerial Survetllance Personnel
Objectave, To develop improved thods for trawviing aerial observers, The rzsearch
wxﬁ {1) determine the requirements to bte placed on aerial observerss under modern
tactical concepts, (2) determine the critical ssids prerequisite to meeting these re-
qmrements and develop the means for measuring these sk:lls, and () develop and

thod

€ P! d for traiming aerial observers.

RECON - Traimng Methods and Techmques for Improving Combat Readiness of the Armored
Cavalry Platoon

Objectave To develop traimng program 1 aids, and
fo improve the over-all proficiency of the Atn’)red Cavalry Platoon.

M
Q

Functional Area 4: Team Combat Skills

TRAINCREW - Methods for Improving Tank Crew Performance
Object-ve: To provade Armor with improved techniques for tank crew training by the
evaluation of the present system and the development of improved methods.

RAID - Methods for Improving the Effectiveress of Small Groups Under Stress

Objective: To develop and test p pl of group structure and operation, inorder
to provide guides for i i the effi of small groups operating under

stressful (decrement-px'oducmg) condmons.

UNIFECT - Development of Procedures fcr Increasing ihe Effectiveness of Small Infantry-
Type Units

Objective: To study traimng procedures utilizing task-related experiences to increase
group esprit and improve team functioning of small infantry-type umts.

Functional Area 5 Leade:iship

NCO - Traiming of Potential Noncommissionea Officers
i 1ib.

Objective: To the o ioned officer e in the
Army through curricula and techniques designed to develop noncommissioned officers
as early as possible in their Army careers,
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OFFTRAIN - Stud in Leadership and l.eadership T: g
Objectave.  To improve leadership t by the devel L of traiming procedures
and materials based on study of the leadershxp process in platooﬁ- s1zed umts,

LEAD - Development of Tramng for Improving the Combat Skills of Leaders mn Small
Infantry Units
Ob ective: To improve officer traiming in the cratscal skills required for effective
mbat leadership in small infantry units,

Functional Area 6: Decisior Making

SPANOCON - Hi Factors Infl g Span of Control Within Military Organiz-tions
Objectave:  To explore factors related to improved methods for training platoon and
higher umit commanders to control their umts under present and future concepts of
malitary orgamzation,

RESOLVE - Development of War Game Training Procedures

Objectave. To develop methods and techmq; for ducting training
war games to simulate the d king t of faeld grade offacers during
battle,

SAMOFF - Analysis of Job and Traiming Rcquirements for Air Defense Missile Officers
Qbjectave: To analyze the duties performed by Air Defense missile officers and to
improve school courses and -“-the-job training given these officers,

COMSTAFF - Officer Performance in Air Defense Systems
Objectaive:  To 1increase !he effe -veness of Army officer performance in the opera-
tion, m and d * of air defs systems,

PIONEER - Decasion Making (Basic Research)
Obj . Two Suabtasks will ducted in this area dxrected toward (1) developmg
a moaei of deci ki and (Z) d ing the rols, in
of 1 and i bles on the devel t of :deas and the treatment
of problem contingencies,

Functional Area 7! Motivation and Stress

FIGHTER - Factors Related to Effecti and Ineffect: of Individuals in Combat
Objective  To develop a systematic understanding of stressasa factor in human perform-
ance, with the long-range objective of application of results to improving combat effec-

tiveness.
QUIZ - Psychological Tech for Facil g and C ing Interrog: cProcenes
Objectave. To add to the practical k 1 ‘ of tech of interrog: and ex-
of the dividual, and of the means of ting these hni by

d:scovenng psychological principles and methods of mimpulating behavior.
PIONEER - Motivation and Stress (Basic Rescarch)

Ob!ecnve: To study the fundamental aspects of social isolation and sensory depriva-
tion and their effects on performance.

Functional Area 8: Remote Area Operations and Language

SPECIsL - Tramrng 1n Special Warfare, Counter-Insurgency and Related Missions
J3jective. 10 increase the capabilities of Army pe_rso_nnel to perform Special Warfare,
coaizr-insurgency and related unconventional missions through improved traimng
and operational procedures,

CONTACT - Feasibtality of Training for Faster Acquisition of Perishable Tactical Informa-
ticn From Non-English-Speaking Prisoners of War.
Objective  To develep methcds for trammg troops in the acquisition of haghly perishable
tactical infor

1on from non-E; g prisorers in the combat zone. A course

based on such methods would be nded for } d bat personnel whose work

would complement rather than substitute for the efforts of the experierced and highly
t-interrog:
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Report
No.

8

9 Development and Evaluation of Methods of Trainin% for the Rapid Acquisition
O anguage ills, by Eagene . Rocklyn, Richar . Moren, and Andre
Zmov:egg. January 1962 (1ask CONTACT 1),

8

A Survey of Problems in the Tactical Traun.ng of Armor Units (U), by Robert
A, Baker, December 1961 (CONFIDENTIAL, Modified Handling Authorized
(Task UNIT 1),

Survey of Operational Flying Activaties of Ro.ary Wing Aviators, by Norman W,
Hcimstra, Nicholas B. Louis, and Maj. Arnoid R, Young, Aprnil 1962 (Task
LIFT D,

Survey of Operational Flying Activaties of Fixed Wing Aviators, by Norman W,
Heimstra, Nicholas B. Louis, and Maj. Arnold R. Young, April 1962 (Task
LIFT ).

Improving Flight Proficiency Evaluation in Army Helicopter Pilot Traiming, by
George [g. Greex, J¥., Wayne D, Smith, and Capt. Jimmy L, Hatfield, May 1962
(Task LIFT ), ’

An Evaluation of Flask Localization Performance With theFire Control System
of the M48 Tank, by Alfred J, Kraemer, June 1962 (Task ARMORNXT%‘: ).
An Attempt to Develop a Radar Operator Screening Test. A Report of Simulator
Instasﬂxtx, by Robert '5. Baldwinand A, Dean Wright, June 1962 (Task VIGIL 11).

Research Reports

A Survey and Analysis_of Vigilance Research, by Bruce O, Bergum and L.
Charles kem’ , November 1961 il‘ask VIGIL lVi.

Research Bulletin
Waat HamRRO is Doing, September 1962
Training Manuals

A Procedural Guide for Technical Impl of the FORECAST Methods

of Task and SKill Analysis, gar L. Shriver, C. Dennis and Robert
T Trexler, Training ﬁetﬂods Davision, HumRRO, July 1961 (Task FORECAST

H-II).

Research Memoranda

On-Site Traiming of Guided Missile Operators: Evaluation Materials, by Myron
Woolman, ’f‘raxmng Methods Davision, HumRRO, October 1960 lTanEIﬁCK—ONl).
Identification of Stationary Human Targets, by John E. Taylos, U.S. Army

antry Human Research Unit, Fort Benning, Georgia, December 1960 (Task
MOONLIGHT I).

A _Provisional Core Curriculum for Infantry Night Operations Training: Con-
ceptualization and Proposed Content, by Gilbert Neal, U.3, Army %ﬂam:ry
Human Research Unit, ‘l-"ort B g, Georgia, D ber 1960 (Task SWING-

SHIFT I).
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Egiects ot Traymng Respouse Mode, Test Form, and Measrre on Acyms.tion
of Semi-Ordered Factual Materals, by Joseph F. Follettie, U.S, Army Infantry
Humarn Research Umt, Fort Denning, Georg:a, Aoril 1961 (Task BASICTRAIN ).

An_Appraisal of Some Night Trammng Problems in Armor Umts of Seventh
Umted States Army U}, by Alired J. Kraemer, U.S, Army Armor Human
Rescarch Unmit, Fort Knox, Kentucky, May 1961 (CONFIDENTIAL) (Task
ARMORNITE VIil},

Programmed Instruction A _Plan of Research, by Thomas J. McCrystal,
U.S. Army Infantry Human Research Umt, Fort Benming, Georgia, May 1961
(Task BASICTRAIN II}.

The Development of Performance Criteria for Turret Mechnics, by Jack
Mumford and John P. Smith, U.S5. Army Armor Human Research Unit, Fort
Knov, Kentuchy, July 1961 (Task MOBILITY X).

Absolute Identification of Munsell Hues Under Red Mlumination, by Kleim R.
Miller, U.S. Army Armor Human Rescarch Umt, Fort Knox, Kentucky, July 1961
{Task ARMORNITE IX}.

SPANOCON Span of Control, 2. Effect on Rehability of Free and Forced Dis-
trabutions in Rating, by Denms Cannon and Howard C. Olson, U.S. Army Armor
Human Research Unit, Fort Knox, Kentucky, August 1961 (Task SPANOCON Ii).

Teaching Machines and Programmed Instruction - Some Factors to Cenz:dezn
Implementation, by Robert G. Smath, Jr., U.S. Army Air Defense Human
Research Umt, Fort Bliss, Texas, August 1961 (Task TEXTRUCT II).

An Analysis of the REDEYE Systens With Some Sy

Bv W.L. Williams, Jr., R.R. Ridenour, D, Cooper, and 1.5, Luce, U.S, Army
Air Defense Human Research Umt, Fort Bhiss, Texas, December 1961 (CON-
FIDENTIAL) (Non-Task Related).

Leadershin at Hhgher Levels of Command as Viewed by Senior and Experienced
Combat_Commanders, by Major General mund B, Sebree, A Ret,, U.S,
Army Leadership Human Research Unit, Presidio of Monterey, Calriornia, De-
cember 1961 (For Official Use Only) {Non.Task Related).

Collected Papers Related to the Study of the Effects of Sensory Deprivation and
Social isolation, by Staff, Task EN , U.5. Army Leadership Human Re-
search Uaif, Presidio of Monterey, Cahfornia, February 1962 (Task PIONEER
Vi),

Experimental Assessment of a Limited Sensory and Sociai Environment:
Summary Resuits .g_r?gh_e HumR RO Prog'ram, by Thomas I, Myers, Donald B.
Murphy, Seward Smith, an rles Windle, U.S. Army Leadership Human
Research Unit, Pres:dio of Monterey, California, February 1962 (Task PIONEER
vi.

Target Detectability on an A;Scoge 22 Influcnced % Vertical and Horizontal
1deo_Ampliiication, by A.D, ¥r ght ana ., Baldw .9, Army Air Defense
Human Research Unit, Fort Bhiss, Texas, February 1962 {Task VIGIL ).
Target Detection: Study b, A Method of Analzzhw: Group Responses Simul-
tanevusly for the Purpose of Presenting Collective Information and Reinforce-
“pent_During Training in Target Detection, by Feter C. Wolff, David D. Burn-

stein, and Joseph A. Van. , U.5. Army Armor Human Research Unit, Fort
Knox, Kentucky, February 1962 (Task FIREPOWER 1V).

An_Annotated Biblio%raghy on the Troubleshooting of Electromc Equipment, by
Chnwon S, Trafton, U.5. Army Air Defensc Human Research Umst, Fort Bliss,
Texas, sarch 1962 {Task MAINTRAIN).

The Effects of Fairing, Rest Intervals, Signal Rate, and Trapsfer Conditions
on Vigitance Performance, by Bruce O, Rergum and JSonald J. Lehr. U.S. Army
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Air Defense Human Reseacch Ur.t, Fort Bliss, Texas, March 1962 (Task
VIGIL IV).

A Proce:dural Guide to the Programrning of Instruction. Preliminary Report,
by Wiliiam H., Melching, U.S. Army Air Defence Human Research Unit, Fort
Bliss, Texas, March 1962 (Task TEXTRUCT 1),

Expioratory Efforts Concerned With a Study of the Interrogation Process
Survey Activities, Conceptuahzation and Pilot Studies, by Hilton M, Bialek,
Jerald N~ Walker, and Joanne ood, U.S5. Army l.eadersmip Human Research
Unit, Pres:dio of Monterey, Cah(orma. May 1962 (Task Q JiZ).

SFANOCON Span of Control. 1. Development of a Knowledge-Free Span of Con-
trel Test, by Alfred A, Longano, L. Dennis Cannon, and Howard C. Olson, U.S.

Army Armor Human Research Umt, Fort Knox, Kentucky, May 1962 (Task
SPANOCON I}

The Relation Between Radar Detection and the Observer’s Concept of a Target,
by Robert D. Baldwin, A. Dean Wright and Donald J. Lehr, U.S. Army Air
Defense Human Research Unit, Fort Bliss, Texas, June 1962 (Task VIGIL II).

2. Papers and Articles by HumRRO Personnel

Daker, Robert A,, ““The Armor Combat Decisions Game,'’ Armor, vol. LXXI, no. 1,
January-Februaty 1962 (U. S. Army Armor Human Research Unit),

Baker, Robert A,, and Cook, Lt, Col. John G., USA Ret., ‘“The Tank Platoon Combat
Readiness Check,”” Armor, vol. LXXI, no. 3, May-June 1962 {U. S. Army Armor
Human Research Unt),

Baker, Robert A,, Sxpowxcz. Raymond R., and Ware, J. Roger, ‘‘Effects of Practice
on Visual Monitoring,’” Percept, Mot, Skills, vol, XII, no. 3, December 1961
(U. S. Army Armor Human Research Umt),

Baker, Robert A,, Warc, J. Roger, and Sipowicz, Raymond R,, “Signal Detection by

Multiple Monitors,”” Psychol, Re Rec., vol. 12, no. 2, Aprii 1962 {U. S. Army Armor
Human Research Unit),

Baldwin, Rcbert D., Chambliss, Davas J., and Wright, A. Dean, “Target Cetectability
as a Function of Target Speed, Noise Level, and Location,”” J._Appl. Psychol.,
vol. 46, no. 1, February 1962 (U. S. Army Air Defense Human Research Umt),

Battrick, Wilhham T., ‘“‘Shop Talk and Technical Writing,"”” STWP Rewiew, vol. 8,
no. 1, January 1961 (U. S. Army Armor Human Research Unit}.

Berkun, Mitchell M., “‘Blood and Urmary Responses of Man to an Ordered Senes of
Realistically Stressful Situations,”’ paper read at S
meeting, Columbia Umversity, September 1961 (U. Army Leadersh:p Human Re-
search Unat).

Bialek, H., ‘“Contrasts Between More Effective and Less Effective Persons,’’ paper
read at Symposmm, Psychonamxc Socxety meetmg, Columbia Univer .y, September
2761 (U. S. Army Leadership H ch Umt).

Canacn, Denmis, and Olson, Howard C., ‘““SPANOCON: Span of Control. 2. Effect on
R:habxhty of Free and Forced Distributions in Rating,”’ paper read at APA meecting,
i961 (U. S. Army Armor Human Research Umt).
Coleman, Edmund B., “‘R to T £ ions: R bering and Under-
wtanding,’’ paper read at meeting of the Linguistic Society of America, Chicago,
December 1961 (U. S. Army Air Defense Human Research Unit).

Crawford, Meredith P., ““Concepts of Training,’’ in Psychological Principles in Sys-
tem Development, Robert M, Gagne (ed.), Holt, Rinebart, and Winston, New York,
1962 (Director's Office, HumRRO}.
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Easley, Davad L., and Kraemer, Alfred J., “'Gun Flash Localization as a Function of
Reticle Desagn,’  paper read at APA meeting, 196i (U. S, Army Armor Humran
Research Unat).

Ebasson, Lt. Col. Arne H., “‘Let’s Take a Look at Quality Control in Helicopter
Trammng,”” Army Aviation, vol. 10, no. 7, July 1961 (U. S, Army Aviation Humsn
Research Umtry—_—

Eliasson, Lt. Col. Arne H,, ‘““Let's Take a Look at New Project: Task LOWENTRY,””
Array Aviation, vol. 10, no. 8, August 1961 (U, S. Army Aviation Human Research
Umti

Ehasson, Lt. Col. Arne H., ‘'Let’s Take a Look at the Basic Skalls of Aerial Ob-
servers,”” Army Awiation, vol. 10, no. 1], November 1961 (U. S. Azmy Aviation
Homan Rescarch Omtl.

Ebazsson, Lt. Coi Arne H,, “‘Let’s Take a Look at Aviation Training Research,””
Army Aviation, vol, 10, no. 12, December 1961 (U. S. Army Aviation Human Re-
scarch Umt),

< "

Finan, John L., ““The Systems Concept as a Pri lc of Methodol
in Psychological Principles in System Develo] ment, Robert M. Gagne (ed }, Holt,
Rinehart, and Winston, New York, 1962 (Director's Office, HumRRO).

Floyd, Arthur, Jr., Gnggs, Gary D., and Baker, Robert A., ““The Role of Expectancy
i Auditory Vigilance,”* Percept, Mot. Skills, vol, XII, no. 2, October 1961 (U. S,
Army Armor Human Research Unit),

Haverland, Edgar M., *‘Officer '!‘rammg Research and Rs lmphcatmns for Execut:®
Traimng,”’ paper read at Symp on the I s of Mailitary Trammng
R ch for Ind: y, APA i 1961 (U. S, Army Aar Defense Human Re-

:4

search Umt),

Haverland, Edgar M.. "'lhe Sub;ect -Matter Expert and the Programmer. paper read
at Texas Psych tion meeting, D 1961 (U. S. Army Air
Defense Human Researcn Uml).

Haverland, Edgar M., ‘“How Much Technical K; ledge Doesa Mihtary Officer Need?'”
paper read at SWPA meeting, 1962 (U. S. Army Air Defence Human Research
Unit),

Hood, Paul D., *“The Design for a ParametricStudy of a Leadership Training System,"’
paper read at APA meeting, 1961 (U. S, Army Leadership Human Research Unit).

Kelly, Col. Henry FE,, USA Ret.,, “What’s Wrong With the Squat?’’ Army, vol, 12,
no. 1, August 196! (U. S. Army Infantry Human Research Unit),

Kelly, Col. Henry E., USA Ret., “‘Defending Those Wide Gaps,’’ Army, vol. 12, no. 2,
September 1961 (U. 5. Army Infantry Huaman Resea=ch Umt),

Kelly. Col, Henry E,, USA Ret., ‘““Assembly Areas,”’ Army, vol. 12, no. 4, November
1961 (U, S. Army Infantry Human Research Unit).

Kelly, Col, Henry E,, USA Ret., “When It's Dark in the Daytime,"” Army, vol, 12,
no. 6, January 1962 (U, S, Army Infantry Human Research Unit),

Kelly, Col. Henry E,, USA Ret.,, ‘“The MIl4 Automatic?*’ Infantry, vol 52, no. 1,
January-February 1962 (U, S. Army Infantry Human Research U i

Kelly, Col. Henry E,, USA Ret.,, “Why Prone?’’ Army, vclL 12, no. 8, March 1962
(U. S. Army Infantry Human Research Unit),

Kern, Rnchard P - ““An Investigation of the Role of Defensive Functi g in Relati
to E 1 and Effecti of P "’ paperread at Symposmm,
h ic Soci i Columbia University, September 1961 (U. S. Army
Lezdershxp Human Research Umt).
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Kraemer, Alred J., and Easley, David L., ‘““1he E{iects of Two Types of Coordinate
Systems on Localization of Peripheral L:ght Flashes,” paper read at APA meting,
1961 (U, 5. Army Armor Human Research Umt),

Lange, Carl J., “‘Identifyinz ond Measuring Leadership Characteristics of the Officer,”’
paper -ead at Symposium on Recent Developments in Measuring Officer Effective~
ness, APA meeting, 1961 (U. S, Army Infantry Human Research Unat).

Lange, Carl J., “‘Sclected Current Research an Military Psychology,’’ paper read at
U. S. Malatary Academy, December 1961 (U, S. Army Infantry Human Research
Umt).

Large, Carl J., “‘LeadershipinSmail Malitary Units  Some Recent Rescarch Findings,'®
Defensc Psxchol., 1961 (U. © Army Infantry Human Research Unit).

Lyons, J. Damel, *‘Teaching Mach and Prog: d L 1r Use,”’ paper
read at meeting of Southern Society for Philosorhy 2nd Psychc'ogy, Memphis.
April 1962 (U. S, Army Aviation Human Research Unit),

McClelland, William A,, ‘“A Procedure for Controlling Army School Curricula,”’

paper read at meeting of Working Group for the Army School System Study, HQ
USCONARC, January 1962 {Director’s Office, HumRRO),

McCielland, Willham A., A Reading Guide to HumRRO Documents Relcvant to 2
Generalized Procedure for School Gurricula Control, January 1952 lirector's

Offace, HumRRO),

McFann, b d H, S ry of R h of Exp tal Studies of Stress in
Man,”” NATO Symposxum on Defense Psychology, Soesterberg, The Netherlands,
August 1961 (U, S. Army Leadership Human Research Umt).

McFann, Howard H., ““Summary of Research in Sensory Deprivation and Social Isola-
tion,”” paper read at NATO Symposium on Defense Psychology, Soesterberg, The
Netherlands, August 1961 (U. S. Army Leadership Human Research Unit),

Melching, William H,, “‘Some Research NeedsinSelectingand Trammg Programmers, *
paper rcad at Texas Psychological A tion meeting, D } 61 {(U.S. Army
Asr Defense Human Research Umt).

Mye.s, Thomas L, Murphy, Donald B., Smith, Seward, and Windle, Charles, ‘‘Ex-
peraimental Assessment of 2 Lxmx!ed Sensory and Social Environment: Summary
Results of the HumRRO Pr T d at APA g, 1961
{U. S. Army Leadership Human Research Umt)

Osanka, Frankhin Mark, ‘“Guerrilla War: A P. back Babli hy,”’ Marine Corps
Gazette, vol. 46, no. 2, February 1962 (Dxrector s Office, HumRRO).

Parrott, Marvin, ‘“The Heavens and the Fields,”” Revue Militaire Generale, (France),
no. 8, October 1961 (U, S. Army Armor Human Research Unit),

Rocklyn. Eug H, * guage Prog: ing for the Foreign Student,’’ paper read
ion of S h A of America, New York, December 1961 (Train-
mz Methods Divisionl.

Rocklyn, Eugene H., “Programming an Intensive Oral-Aural Language Course,”’
paper read at SEPA meeting, 1962 (Training Methods Davision).

Rogers, james P., ““The Improvement of Trouble Sh P, h Im
proved Maintenance Manuals,”” paper read at APA meehng, 1961 (U S Army
Air Defense Human Research Umit).

Rupe, J. C., “Procedures for Obtaining Human Factors Information as an Integral
Pa~t of Weapon System Desxgn and Development,’’ paper read at 7th Annual AHFE
Conference, October 1961 (U. S. Army Air Defense Human Research Unit),

Shraver, Edgar L., “Using C & R to Translate Logical TS Into anctxcal TS,"" paper
read at § APA ting, 1961 (Training Methods
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Sipowicz, Raymond R., and Baker, Robert A., ‘‘Effects of Intelligence on Vigilance.
A Rephication,”’ Perce Mot _Smalls, vol, XIII, no. 3, December 1961 (U, S. Army
rmor Human Réscarch Unit),

Smith, Robert G., Jr., ‘‘Military Control - A Frequently Missed Training Opportumty,””
paper read at APA meeting, 1961 (U. S. Aimy Air Defense Human Research Umt).

Smith, Robert G., Jr., “‘Ressarch Problems Caused by the Implementation of Pro-
grammed Instruction,’’ paper read at meeting of SWPA, 1962 (U. S. Army Air
Defense Human Research Unit).

Snyder, Richard, and Burdick, Harry A,, “‘Effects of Uncertainty About Original
Enlistment on Reported Change in Opimon Toward the Army,’’ paper read at APA
meeting, 1961 (U, S. Army Leadership Human Research Umt).

Thomas, Francis H., ‘‘Aerial Observer Problems,”” paper read at 7th Annval AHFE
Conference, Umversity of Michigan, October 1961 (U. S. Army Aviation Human
Research Umth

Thomas, Francis H,, “‘Target Acquisition From the Armed Helhicopter,”” paper pre-
sented at Classified Visual Search Symposium of the Armed Forces - NCR Com-
mttee on Vision, San Diego, April 1952 (U. S, Army Aviation Human Research
Unit).

ware, J. Roger, “Effects of Intelugence on Signal Detection in Visual and Auditory
Momtoring,”” Percept. Mot. Skiils, vol. XIM, no. 1, August 1961 (U. S. Army Armor
Human Research Umt).

Ware, J. Roger, Sipowicz, Raymond R., and Baker, R, A,, “Auditory Vigilance 1=
Repeated S ** Percept. Mot. Skills, vol. XII, no. 2, October 1961 (U. S.
Army Armor Human Research Unit).

Wewdenfeller, Edward W., Baker, Robert A., and Ware, J. Roger, ‘“The Effects of
Knowledge of Results (True and False) on Vigilance Performance,’” Percept. Mot.
Skills, voi. XiV, no, 2, April 1962 (U. S. Army Armor Human Rescarch Unit),

h R

Whitmore, Paul G., “Deraving and Specifying Instructional Objectaves,”” paper read
bl APA meet

at Symposium on Automated T ch Pr g, 1961

(U. S. Army Air Defense Human Research Unit).

Whitmore, P. G., ‘“A Rational Analysis of the Instr 1 Process,”” IRE Trans. on
Educ., December 1961 (U. S. Army Air Defense Human Research Umt).

Wolff, Peter C., Cannon, Denms, and Burnstein, Davad, ““Collectaive Reinforcement of
Groups,”’ paper presented at MPA meeting, 1962 (U. S. Army Armor Human Re-
search Umt).

Woléf, Peter C., VanLoo, Joseph, and Burnstein, David D, ““The Effects of Schedules
of Collective Reinforcement on a Class During a Target Detection Course,”” paper
read at SEPA meeting, 1962 (U, S, Army Armor Human Research Unat).

Yay:, Kan, ‘“‘Quantitative Subjective and Projective Responses to an Ordered Series
of Realistically Stressful Situations,”’ paper read at Symposi sych i
Society meeting, Columbia University, September 1961 (U. S. Army Leadershp
Human Rescarch Umt),
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Braly, E.
Coyan, E.
Crawford, M. P,
Goffard, S. J.
Hayes, J.
Heyl, A,
Kraemer, A.
McClelland, W,
Osanka, F.
Stewart, E,
Yallance, T.
Wilhiams, W,
Windle, C.
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Director, HumR&RO
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Hoehn, A,
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MacCaslin, E.
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McCrary, J.
McKnight, J.
Montague, W.
Rasmussen, E,
Rayner, J.
Rocklyn, E.
Seidel, R.
Shriver, E.
Trexler, R.
Vineberg, R.

MA
PhD
MS
MA
MA
PhD
PhD
PhD
MA
PhD
MA

Res. Assistunt
Sr. Scientist
Res, Associate
Res. Associate
Res, Associate
Res. Scientast
Res. Scientist
Res. Scientist
Res. Scientist
Director of Resch.
Res. Associate
Sr. Scientist
Res. Associate
Res, Scientast
Sr. Scientist
Res. Scientist
Techmcian
Res, Assistant
Sr. Scientist
Res, Scientast
Sr, Staff Sci.
Sr. Technician
Sr. Staff Sci.

PhD
MA.

PhD
PhD

PhD

University

Unav. of Texas
Univ. of Cahuf,
Columbia Umv.
Univ. of Minn,
Purdue Unav,
Univ. of Texas
Vanderbit Unav,
Umv, of Mann,
No, Iil, Univ.
Univ, of Texas
Syracuse Univ,
Unav, of Tenn,
Columbia Unav.

Ohio State Univ.
New York Univ.
Univ, of N, C,
Univ. of 5. C,
Univ. of Kentucky
Univ. of Colo.
Umv, of I,
Univ. of Texas
Univ. of Mann,
Univ, of 11,
Mich. St. Univ.
Univ. of Texas
Umv. of Penn,
Brown Univ,
Umnv, of Minn,
Geo, Wash.Univ,
Unav. of Pitt,
Univ. of Penna,
Univ, of Pitt.
Wash, & Jeff, Coll,
New York Univ.

U, S. Army Armor Human Research Unit, Fort Knox, Kentucky

Baker, R.
Cannon, L, D,
Cook, J.
Drucker, E.
Easley, D,
Haggard, D,
Mller, A,
Q1son,
Osborn, W.
Pickett, J.
Schwartz, S.
Sheldon, R.
Smith, J. P.
Willard, N,
Wolff, P.

Sr. Staff Sci. PhD
Res. Scientist PhD
Sr. Technician --
Res. Associate Ma
Sr. Scientist PhD
Sr. Scientist PhD
Res, Scientist PhD
Sr. Scientist MS
Res. Associate MS
Res, Assistant

Sr. Scientast

Res. Scientist

Sr. Scientist

Director of Resch.

Res, Scientist
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Stanford Univ,
Purdue Umv.
Umv, of Kentucky
Vanderhlt Univ.
St. Univ. ofIowa
Univ, of N.C,

N, C. St.Unwv,
Purdue Univ,
Purdue Univ.
Long Island Univ.
St, Univ, of Iowa
Ohio State Univ.
Univ, of Minn,
Univ, of Houston

Primary Field

Enghish
Psycholugy
Psychology
Psychology
Sociology
Mathematics
Psychology
Psychology
Soc-Anthro,
Psychology
Psychology
Indus. Psych.
Psychology

Psychology
Psychology
Psychology
Psychology
Psychology
Psychology
Psychology
Linguistics
Psychology
Educ. Psych,
*ndus, Psych.
Psychology
Psychology
Psychology
Psychology
Psychoiogy
Electronics
Psychology
Fsychology
Psychology
Psychology
Elec. Engnr,
Psychology

Psychology
Chin, Psych,
Mil. Ops-Armor
Psychology
Psychology
Psychology
Psychology
Psychology
Indus. Psych.
Exper. Psych,
German
Psychology
Education
Psychology
Psychology
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Berkun, M, Sr. Scaentist PhD Yale Univ. Psychelogy
Bealek, H, Sr. Scientist PhD Claremont Col, Psychology
B xdick H. Res. Scientist PhRD Univ. of Mach. Sociology
Caylor, J. Res. Scientist PhD Univ. of Mich, Soc, Psych,
Gay, G. Sr. Techmcian - -—-- Device Engnr.
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Taylor, E. Sr. Scientist PhD St. Univ, oflowa  Psychology
Taylor, J. Sr. Staff Sca, PhD St, Umiv, oflowa  Psychology
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Sr. Techmcian Mil, Ops.~Inf.
Director of Resch. Psychology

Mccgrystal. T. Res, Scientist Univ. of Ky. Exper, Psych,
Nichols, T. Sr, Scientist Univ. of Calif. Psychology
Olmstead, J, Sr, Scientist Univ, of Texas Sac. Psych.
Powers, T. Res. Associate Univ. of Kentucky Exper. Psych.
Ward, J. Res. Scientist PhD 62  Tulane Univ. Psychology

U. S, Army Air Defense Human Research Unit, Fort Bliss, Texas

Ammerman, H, Res, Scientist 60  Purdue Univ, Psychology
Baldwin, R, Sr. Staff Sci. 54 Univ. ofIowa Psychology
Bergum, R. Res, Scientiat 58  Northwestern Univ, Psychology
Burrell, W, Technician 40  Kansas State Col. Mech, Engr.
Coleman, E, Res. Scientast 61 Johns Hopkins U, Psychology
Cox, J. Sr. Scientist 54  Univ. of Texas Educ, Psych,
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Rogers, J. Sr. Scientist Emory Univ. Psychology
Rupe, J. Sr. Scientist Purdue Umv. Indus, Psych,
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Smith, R. G. Director of Resch. Univ. of Ul Psychology
Solem, A, Sr. Technician West Point Engineering
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U. S. Army Aviation Human Research Unit, Fort Rucker, Alabama
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Boney, W, Res. Assistant BA Furman College  Psychology
Boyd, W. Res. Associate MS N. C, State Col, Indus, Psyzh.
Colgan, C. Res, Scientist PhD Univ. of Fla. Psychology
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Dufiy, J. Res, Associate Univ, of Fla, Psychology
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